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EHERALD MINES {(OF THE URALS)

/ Following ia the transiation
of partz of the book by K. A
Viasovy and Ye. ¥. KEutukowva ens

Fa

titied "Izumrudnyye Kepi" {(Eng-

o é

lish versicn above}, Moscow, i
1966, pages 3, &, 8-12, go-bz, 3
11i-1%%, 197-215. /7 i
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INTRODUCTION

The emerslid deposit of the U
the world literature usder the name . : ‘
besn studied by many investigators for peariy 130 years.
Yhe genesis of the emerald~bearing veins has provided §
the principal scurcs of interest, especially in regaxyd !
to genetic conmections betwean ihe smeralds and certain :
intrusiond. 2

The mojority of investigators have associated the |
genssis of the emeralds with the Murzinke granite intru»%
sion, while several of these bave rather linked them ;
with the vein derivative rocks of the diorite massif, 3

The latter hypothesis bhas remained at present unconfirmed

by factual material. The theory of & genetic connection

between the emeraids and the granite massif has gotten

an impetus to further development on the basis of the

ample fTactual material gathered in the past few years,
The BEmerald Mines of the Urals are of exceptional
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on have @V@l?@&, represented
roxenites and gebbro. In the
the region the Asbestovakiy intrusic
sordgrs on ihe amall Fastern Mozsif of grwmauxﬁrli@&
puartz dicrites and % 41

westerns zoney iz made gp of gray
Murzinka intrusion. In relation to pet rw?w
anite massif is rather hetaro

is e"a:*vmi“m “‘,3, @f fine~and mnfi.~ s grain
two-mica gr i eontain small finen
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g£ra mad snatite bodlies. Xn the endocontact sons th%re
are MUSCOYIte peguataid éyanéﬁﬁg among whiﬁh o finds

ints three ones

. . . i
e bhasiec and wltrabasic rocks
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geovite granites
v and velinsd
The widtlk

LO0E iﬂur&ulw n%mher ;
& {P & L? A “f} S f .k%n.&&: ®
szntral moue is ?@tamar‘“_. rocks.
‘u@f&*m Era which the contact of
T wr&;ia@ Antrusion for mt?&'iﬁaa §$ hilgm@@@w@a Thae

width of €ths song in which thess uw sooor 18 Db -
Bum o ¢va are made wp of serpentine, talc serpentine,

o

&&Ea, t&wannAJQW§te% taloopblogopite and trvemolite rocks,
. anphiboiic gunelsasss, guartzites and

3 2 me&« Besides this, small lenticular bodiss of
ddotites and tale peridotites occur, ordinarily con-
verted Lo aé ¥ A%l of the above mentioned rocks
are brolsn ihnm1 lsrge number of quartz diorite.

aud diorite po w;wywiu dikes.  The &ea&fibﬂd-w&tammrphim
lavar wwm'usww the enmeraldebegaring vein complex. i

THe geveral stvrike of the mgamm%rgm¢w rock is
sottihe southeenst, nearly meridionsl, dipping vorith-east
angle of J&wﬂ>%3 and it 42 only at the south of
the srea that the siriks of the rooks changss to the
Tox sest a2t Z00-30%% .,  Tha metamerphic rogsk zons extends
up to five kil ters here snd then, sowevhat narrowing,
& e ' the southesonibi-enat direction and
rders of the regioen. The contact
%@#w a1 B and rocks of ithe wetamorphic laver
is Mw*r»m,wy ownien, In direct proximity to ahe contaat
an anjecticn zone hesz developad (.3 - 0.5 ka thi@%be made!
wp 6f nmph phibole gusisses and gremites ;
and pog duie oted dute the joiwting. ;
given below of the rooks which
f ! ¢ Bmerald Minen. In order to
cenetic conneotion betwesn the rocks, thedr;
erenzesr ere desoribazd after the rocks
derivad,
roeksi
2CBDNE Fhales

Tm

carie

ERE2N obd
Biffusive rocks ,

plagicslase~porphrriten

moradlandes porpghvrites

ampribolas with porphveitice t@k?ﬁﬁ@»
Ultrabasic and basic roecks, products of their

wmetamsy p%Jum“

busites, peridotites,

serpentines and tale ﬂar@@ﬂtanea,

tale schists, K :
taloochlorite rocks,
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Canm takes up ap ivsignificent aren and i represented by

tale=dolomitie rock,
tremalitic roclk, : '
phlogopite-tramolitic achists, i
tremolite-chiorite~tale schists, etc,

Metamorphosed pyroxmenites:

amphiboles containing chromiun.
g f .
Gabbro. ! ’

3

Bastern grannsdioritic massif:

] suphbibolic guneissaes.
¥ain rocks:
gusris diosyites,

dioritic porphyrites. ' : ;
Murzinks granite massif: '
Granitess S

.Pine- and mediumegrained biotite, two-mica,
porphyreid two-mice,
sepmeteid muscovite,

Q .
Vein rocks:
pure strain pagmatites, v
bybrid pegmatites (desiliconized peguatited
preumatelytic-hydrothermal and hydrothermal
formations.

SELIMENTARY ROCK

The gedimentary rock, espocially the Upper Devonie

carbonacesns shales and guartzites with thin seams of
gsandstones and chleriteeclay slates, They arse widely
distributed in the southernm periion of the emerald-
bearing sone. Ths sedimentary rock in the form of 0.5

to 0,75 ke wide bands have bean traced with gaps on
secasion of %.% -4 km. Their strike is erdinarily close
to the meridion 1line, ranging from NW %45° to NE kge,

the dip is north-szast and southeeast st an angle of k5 to
£0°%, rerely greatsr.

Carbonaceous shales cccur mearly everywhere in the
form of asheet-like bodiss with a thickness of up to 10 mj
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Fige 1. Schematic Geologic Map of the Emerald Mines
- {ecompiled by W. M. Uspenskiy, supplemented by
L. A, Izergin),

22 B

1. splites and pegmatites; 2. the emerald-
bearing vein complex; 3. pegmatoid granite;
h. two-micwn dned granits; 5. por-

e Lt}

-

3
phyroid gran 6. granodiorites; 7. guartz
dinrites and dicrite povphyrites; 8. diorites;
i

H

n.J:’
%, diorite gneisgses; 10, talewcarbonate rocks;

11, amphiboles and awphibole zmeissesy 12.gab-
bro; 1%. ultrabasic metawmorphic rocks; 14,
sandstones; L3. quarteites.
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guartsn grains with a large emount of earbonacenus sube

they oocur among the sarpentines, amphiboles and diorites,
Qecasionally, unigue carbonaceouns magmetic breccia turns
up ip whiosh sirongly fragmented carbonsceous material
has been &05“%23d by ulirabasmic rocks esnd dicrite -
porphyrites. ' _
The appelites which are fins-grained and show
intoensive ﬁﬂai 5t Formation comsist of exiremaly tiny

stance end biotite flakes., The csrbonacceus matier is
ordinarily unevernly distrikuted. The rock is often
crozsed in various diresctions by streaks of quariz with
> shructura. ' v
Speetral analvsia hes revealed in the carbenaceous
4 E&yiéls the chief componsnts, {sxpressed in i
entoges i titenium, vensdiuwm, chrowium, nigksl, ¢0-

pers
balt (0.05), barium, zirconiom {00253, bervilium, strons
tivm and SoPpper (o, QO;_Q Sermaniin was not discovered, {

The B0, content ceme te 0,01 pevcent {ohemical determine
at i‘_“fwﬁ_? .

Graduslt travsitions are gbaerved betwesen the am-
pelitaes and diorites sost of the timey ithe boundary bet-
ween them ie, as a ruls, indistinci. A%t the contact the
diovite is strengly altered, schistese, <ariched with
carbonacesus substance, bictite end chlerite. The care
bonaneous substance im i1 is uneverly distributed, in
accordance with the closencss te the carbonacsous shale
ite guantity becomss markedly incre n&adm The thickness
of the tr&mﬁwt?en zone is 285 - 20 ow.e Somstimes the bore
doy boetws arpelite end dicritas j% sv@ﬁ and sharp;
i such cass Thiin %am af ahmuf&?@ ssxn be present at
the cont ,&f scoording to N. M. Uspensgkiy carbonsceous
shales ars th@‘gnoﬁWu? of ths mwtwmey@hﬂﬁiﬂ of dinrite-
pny}hygitﬁﬁ which is borme out., in his opinion, by the
praduail tranziticss beotween these rocks, a8 wall as by
thn relicts of plagioclass phenoerysis in the shales.

We are imclined to ragerd the carbonnceous shales as
metamsrohosed vemains of the roef of sedimsntary rvocks,
which are most likely bituminous clay shales. The
evrichment of the diorites with carbonaceous matter has
taken place as z reenlt of their assimilation Qf the
carbonacess ﬁhﬁi@f which gmm*%Ldea manks the sharpness
of the contact betwesn theze voeks. A. K. Padnagz% SOT-
siders the plmgiaclwﬂw phenocrysts seson in the ampelites
&8 new formations., associated with the feldspathization
of the carbonaceous metter under the influsnce of the
diorite intrusion, which is fully pogsibla.

-
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Guaviteites are ithe yrudnat of the metamerphism of
gandstone . They osceur nz lanticulay bodies and bands
cether with or us shales. Thelr contact with
s latier is smooth and distinst. The rook
15 fineg~grained, E 3~yh? gray in colny, consisting
hasically of aaa¢{w {85 o 95 %} with small amounts of
bistite. Apsidite, zirc &

and mayretlis are Lfound as
accesory minerals,

1
i
-
EFFUSTYE ROCES %
En the opinion Simbirtsev, A, K. Vodnogin |
and F., BE. Olerakiy, eff rock, presumably stemming
from the Devondian Hra, been traced in the form of
separate outoroppings in a meridional direction to the
gast of the ewmerald-hearing mone. This iz commonly 5
repréesented by stronly metanmorphosed plagicclares and |
hornklends porphyrites. We have come upon &l fusive rock
cuteroppings {andesite-porphyrites and metamorphosed 5
gquartz albitophyres) sast of %mly&hev*ﬁathwzﬁﬂt‘ Py o bab-
1y, the effusive rochs we @ aiﬂ ﬂ: i d in *he !

emeraldebaaring zons .
tiec texture

gulite poss
n@ruhyr'

which are guite wi *p;,“ ¥ fmﬂﬁmﬁﬁ hava

porphyriies are en@qumtared}in
bodier or veinsg which ocour Lon-
mwxﬁhﬁned fﬂﬁmﬁf%ﬁn@' The rock iz

Ky ot

2 , greanish gray in color, with

PG It is obvicus under the microscops
R

thiat

4
sists of plaginciase {No. 20 - 235},
arite and @u&$$3$ Aocessory
apatite. The porphyiritic phenow
by plagioclase fﬁaa 25 - 40%,
qx&aﬂc; with the albite and perdcline laws.
nde-porphyrites ave dark green in coloxr,

to texture., The basic mass is mad@ up oF a
five aggr@gaﬁe of albite, guarits, epidote and chiorite.
The porphyritic pheunosoryvasts are of horanblende and more
rarely plagiocclase (No. 25 - 40},

. The amphiboles axre an intensively sheared dark ,
rock with characteristic porphyvritiec texture, thus
ruishing then from the chromium-bearing amphbiboles,
rir of tx% rock has a nematoblaosiic texture and
ts of perallel hornblende and plagiceclase crystals
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with porph
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with sparse quarﬁﬂ grains. Accessery minsrels are
sphene and pyrii The porphyritic phencerysis of oval,
apd less fregw rovadish shape are of uralitic horne

Wlgnde. wwnMWiamle? the ﬁmvm%aenu% of ths pbanaryst
and metriy are cha 15@6 Lo i@t&t@“
El
, ) :
t
3

11
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‘the color in one and the same sswupie changes from colore .
3 £

spectral mathod (Takie 22).

Thev ordinarily €413 up the spaces betwesn grains of

8. PLUGRITE

Fiusrite iz ome of the primolpal fluaerine.
containing minerals in the Uralilen Frrarald Minez. It
is usualily found im separate grains, crystallive aggregates
and lerge Lenves up to G0 ® 1,0 % 1.5 meters in size. '
Well developed cxysials ave sSoen Rars rarely, for the
mast part octahadronsg or compinations of cubes with oclad
hedrons. The size eof the ovystals varies from tenthe
of & millimetsy to 2 % % cm. Fine fivorite cuhbes in
dyuse form freaouently grow on albite plates. The color
i@ viclei, rose, rose-viclel, green, greenish-blue, pale
yvellowy colonlessz fluorite is fouwad, Quite frequently

less Lo viocleterass and violet. The Aork.vicolet variety |
has & faint violet stresak, The mineral ranges from
trapslucony to transpesremt. The speciiic weight iw :
2,365 o 5,17%. . It is pearly coleriess dn section,. some~ |
timez faintly Light violet huwed. It is eptically isg-
tropic. ¥ = 1.47. : o ’
Cortain flusrite varieties were analyszed by the

. The cause of the particular selovation in flustite
52411l remeiuns rather obsciure. Fileone of rope red floocite

1

. . . i
become colorless when placed in sunlight for pevaral daysd

The presence of smell emcunts of mBaBRgNnRILe {Fable 23} in E
cortain fiusvite waristies sllows ons to surmise a conneck
tion betwesn this elemomt and the coloration. SHuch an !
wpiion alge explains the color change of Fiuworite in |
i
|

gince wangenass has a variable vALeDOY. o

In pure strain pegmetitos fiusrite iz fouvnd in the;
Form of sparas five grains (up to 0.3 em) of vielet oolar.

micrsciine and suarts and sre formed lu ithe iast stage
of the pegmatitic prooesus., ,
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”uf the veins. In the lattsr case filusrite forms larger

¥n the desiliconized pegmetites the fluorite is
mer & d@ly diy frﬁbaﬂe and typified by different forms,
gt zme v? segregantions, as wall ae by different color.
I &@:ﬁlxaw%lﬂed pegustites with plagicclanite lenses,
the ha&ma part of the fiuocrite i& found in the foerm of
fine vicletl colored grains iw the phlogoepite zZones. It
s f@&nd in lesser gumantity im the vplagioclasite part

graing, sometimes up to Lfive to seven cwﬁf'm@@ﬁr$ in
&rua& aection, usuzally colarless or various intensities
of wiolet. Asscoisted with fluorite, one mbqarv&a tﬁpaﬁ,
beryl, apatite, corvndophillite and pkawhnﬂia
In the desliconized peogmatiites with musc mvitam
Flucrites lenses, the {lvorite asppears sy the main rocke

*

forming wineral. 1% occcvrs in the form of large xenow
marphic graims up to ton ox acroess and lenses 0.5 x 1.5
maters large. CGecasionally well formed ervsials arve
presant . fThe colore are flesh-rad, light blue, viclei
and white. It ds zasociated with beryl, spatite and
tovrmaline, filling the mpaces ketwzen them or lying in
thelyr f&ﬂéﬂk@& thus indicating it e later segregation,
The fluorite sparsely found in the cshlorite zone of the
desiliconized pagmatites Torms grains snd grain aggre-
gates {(up Lo 3 x 7 ex) of yellew colav. It is szscointed
with ebryeosheryl sud phenscite, :

In helloews of the desiliconized pegmatites one o
gometimes Linds fine (0.1« 6.% mm) well forwmed colorless |
awd faint violel crystals {ovtahadrons) of fluorite; they
grow together with bavenite 2o flateprizmatic erystals off

albite and sphervlites of corundophiliite. Fluorits
ﬁﬁg&%aﬁ@ﬁ earliey than the bav&mltu§ wirich is attested

te by the dntevgrowth of the latter on the fluvorite,.
' clytic~hydrothermal vaine fluorite is

2

In pueu

audd in the form of single grains in phlegopite or
muuonvéfa +a2ibite feingez. The color iz vioclet, of varioubk
ln?Phwibiﬁﬁ The mozt charascteristic assccistion is

|
Lybdanite, sphalerite

Ent

2

e

ith albite, muscovite, beryl, mol
wi Bornite, _

Fiuoriite found in dolomite veins appears last, It

forms xenomorphic graing {uy te 2.3 cw din cross section):
wf greenish blue hug, It is asscciated with phenancite
and scheelite, ' '
Hence, fluorite has a large field through whieh it
ravges. Ji ccours beth in pagmatites and in pneumatolytid
hydrothorumel and hydesthermal formations. The wmost usual
: t

iong for fluorite are plagicclase, prochlorite,

1h
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corundophkillite, chrysoberyl, phenacite, bervi,

apatite, gquartz, native hismutb and wolybdenite. Fluo-

rite frequently i

stals

Lls the corevisses in ory
emerald, beryl, topaz. phenacite

"ies

fine inclusions of chrysoberyil, which testif
later segregation. '

topar,
of

to ite

and apatite or contains

e
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long prizmetic civsteals, as wall as in inewgrsai nw& B RLTE -
gate el om 11~ ';t@ Jong priamai&g srystals form
REELE ¢ i ent sirveturs.  The heads of crys-
tals ars raraly . - The mest usual forma ars (Keksharow,
1852 13010) ana {0031), while {1321} ama {3136) (FPig.58)
BE L)ﬁ%iﬁ ;.%iy rarer. Frismatic crystals have smooth
lastirous f on which well expressed vertical stristions
are Foun G columasr o fﬂw&}ﬁ have t&& gn, ribbhed
faces. Tu« mxfal giae of th eryetals iz 1,.% % 1.5 % 6 cm,
jbut larger onss are also enco mﬁuaxWQQ f%bhﬂlﬂ b = 7 % 20
em. The eryvetals are aftén figmured, the cracks ranning
chiefly parallal to the bazal pinaccid They are filled
i w?ih phiegapiie (FPlgs 597, quarts, Ll@&iﬂﬁjﬁ%@g fluog-
rite, native biewulbh and muscovite. Sometimes the beryl
4n fiﬁ:@&ﬁﬁmhﬁud at sevsvral spovs and sepavated (Fig. 60},
The color of beryl 4s light grean; gresunish yellow, yellawi
pud in broken veriszties white; occasionslly solorliess :
arvetals sre fowsd. Jdonal colevaticon of the &r¢wf&&s ia

RARE-EARTH METAL MINERALS

%ﬂrvi peenrs in the form of columnsr, ”hwrf and
w £

"

characteristic dn the basal pinasoid, rerer in priems
{(Fige. €L}, Gresn end biuish green huss in beryls are ,
cauvsed by tha @rﬁawwm of chromive snd partially wvanadiuwm;
yallow is probably counssited with the pressace of iron.

e Ve Grum-Grzhimayle ﬁﬂUALm.A&Pﬁ%H%V& {1956} are of the
epivion that different hues in the beryls basically
Jdepends on the prasence of sone pwrtluular @uaﬁ*ity of
Ferrous iron. The cleavage is imperfect They reange {rom
transparent to traveluoent. Iu sscilon it iz coloriess,
th?ﬁgwn;w& varieties are “r@”n, barely ftransparent.

Untically mannux%wiﬁ negative; sometimes apomalously bi=-
axial, Cortain physical and optical pr@pﬁtti&% ef baryl
are shown in Table 48.

e i, e
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sodiuvm, lithiam, cslcium, iron and wagpesiom were obaer-
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bepinuing wi th high ain pegmatites !
and winding up with EQW it Lty walas.,

Im the fins- snd mo kxummwzainﬁﬁ } g%a@it@s of the

purs strain wiich oniwr in granites, beryl iz fowad as
25 ACOORSarY seral dn the form of fine graineg with &
1ight y@‘xww or hight green tint principally associated
with potaeh Feldsper '

o) “’Lﬂfﬁ¢nv i omedium=- snd coavssegrained
textured pegmatites swbedded in amphiboles and diorites
Form me@wva%¢h~d amare,a-&w or prismatis crvatale with
light wellow or pale green, nearly white color. It is
usnally sneountered with potash &&&ﬁ%p&“ gr&im or with
their comtact with guasriz, It is svoiated with %%&tzt%.
Tluorite, volumbite, wmolybdeniie and garnet.

To pegmatites with block structure baryl ds most-
sl An %Mm sonthern part of the Emerald Mines,
g dl 23 Largs shorit-prismatic and colusmar
@ waa*&y hhﬂ&dﬁ with light yellow and pals grean,
; ith wnsven vibbed swvrfaces. Nearly white
often found., The size of ihe individusl

—w!

Heax

%

o

&
£
o
g
F

& roaches 1% = 18 w 2% ocm, Crystal concretions
k&%@ nee fwmmd in large block sestions of the

ang at the comtact bstweer the microcline zonse and
LOFG ) moers rarely, beryl is present in the micro-
and guarts boedy,

2,

The beryl in desiliecdoized Peg
the Toerm of long prissatic cerystalz with a
&1mf0 Thair trix ccowrs in the phlogopite
the contaect wit m plagioclase cores, and cone
v lass frequently with the cores themsslvez.
rh& Mﬂ»gi crystals conmtadred in the phlogupite zome ave,
&% a rute, &tfmn@im sorrodad by the phiogepite, @wm%aimm
ng large guantitiliae of its soales in the form of inelus
13 ard are cracked,. The cracks are filled with
phﬁn opdte and ¢hlorite. The siwme of the cryvstais varies
from gquite tiny to 2.5 ® 3.0 % 10 em. In exceptionsl
canen ‘Ll ~rym”&*m reack 20 ewm lu Jength. The eolor of
Ehe ryd iz blaish green, rather intensive, sametimes
unevenly distributed in spotes. Often zonal caloration
iz found in the crystsls with pinacoidal or prismatic
form. 'The periphery of the crystals is light green,

tites is sncoune |
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Chemical Comppsition of Bervl
Light vellaow &y Light green . Colorless
componenty
eight ‘}é
omic 3L cations
&
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ol cationsz, compubed for O
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cations ;
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asygen, computed for &18
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total swus
Analyst and vear of
L. Regina, 1037
M.Ye. Kazakova, 1955 :
Vel 8alivkova, 1946 ;
Nete. Zample . from pure sirain pegmatite with block
gtructure; samplz 2. From a muscovite-fluocrite lens :
pegmatites; sample 3. from an &lbitﬁ
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Mongansge _
Eirmmﬁhmmr BN g . , { P
i Cveo U Mal L 0,008 Lo, P00t 0,005
Vanadiwm- . > y e 1 6,008 l; e —
zg B - a Wt - ‘ f 0,_,5_3‘7_&} t - ! (&,(55' ¢
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Soandiuw -~ .7
Thtanivg..
 Hote. Sample b, from a wuscovite-fluorite Lews
sawple B.e 3. from a guarts lensz) o
seuple 4. from & plagioclase lens in degiliconizsd
pegumastite. ’ :
L alwmest easlorless, the center a rich gresn (emeraldl., The

Beryl erystals which tend to be locatsd in the plagiovlsas
- parh

& KB

calording. The dimensions of the crystals are ¢.5 x 0.6 x

w® &

in the erystals are filled in with plaglecliase and fluo-

Fitw,
rathe
ales

“Teble 51

Findinga of Spectral Anslyses of Beryl {in
rercent Mga&}

- L e L e g G005
S T T X1

of the veins are characterised by geood preservation,
ali number of inclasions, less fissuring and fainter

cmy dsrger onss are ravely snccunterad, The cracks

The beryl's ccler iz greenish hlue, occasionally

#r wrivh. I{ de ssscviasted with anstite, chrysobsryl,

v

condarite, flucvite, plazioclass and Leryl-containing




: Tha ﬁ???l in mmsaav*ﬁﬁm¢ﬁumritf iensas of desili=-
conized pepgm A represented by macrocrystailine
&@ﬁ?%ﬁ**&a w«?n & l&ahﬁ green calor., 4t is asssciated
with Fluworits, aps *mt@_ wwsc&v¢ﬁwg toparn, guartz, moelybe
denite, mative hismuth and cérundophilite. It sppears
to have ap earlier time of segregation than all the oithen
minsrals with the exception of apatite, whoesge dsomorphic
crystals . sye somstimes &ﬂb?&&md in the macrocrystalliine
agrregates wf,bwrWEu o

In hollows -in the muscovite-flucrits lenses one
finds very flue ithin prismatic, mearly colorless crystals
of beryi, dirocted toward the long side perpendicualar
to the feoes of the macrocrystalline bervl aggregates,
thus attesting to their later segregation. : :

In ﬂm,umdzaEy?lvwhvm&ctu@ymai veins {albite-quarts
muscovite~quartsz snd albite-~guarts) beryl iz found in the
form of large long prismatic orystels, jrtnrgrmﬁthﬁ and
pockets {up to 10 x 20 cm} distribuied aloung the contact
betwoen the albite or albite-muzcovite zone and the

23

guaritz body. Xt iz ssen cﬁmm“d~wa%3y lass often in the
gquartz body dtself or in the albiteo-muscovi tv #oene. The
crystaks are weakly celored Jﬁﬁ@m and groenishevelliow,

gu escasion just about soelorles The fisswes in them

.

are Filled with guarts, mﬁatn~“te and alhite. Thoe size
of dndividusl crystals varies fvroem 1.2 ®x 1L.% % 2.5 te

5.5 ® 6.0 % 10.0 em. The most typical sszsocciation is |
whth guerts, muzcovite, elblte, fliuerits, sphalerite, I
molybdenite, bornits end chalcopyrites ‘

Im 21l wein bodies crystallizaticn of heryl began
garller than that of phlegoplte, wuzcsvite, fia@?* e,

chrysoberyl, p&@%mai&é, topan, vwhile the smerald began i
to form first, fellowed by bervia. '

The professes of alitération of beryl ar% its
gsubstituetion with other minerals does not have a wide
distribution, although in certain sections, @ﬁymcmﬂmly
in the pheussiolytic-hydrothermal veins, they do appear
rather intensive.

T -7 S,

The baryl in desiliconized peogsatites snd pneumaics
lytic-hydrothermal velns is replaced 2t later stages in
the hydrothermal process by bavenite {seg Fig., 83}, bert-
randite and berylliumecoentaining misrocline, In the

 hypergenstic zone the bervl iz sometlimes completely
substituted by keolin . In pure sirsin pegmatites the
replacenent process appesrs considerably weaker, and
hertrandite is wainly developed in lieu of the beryl.
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15,56 P! G, 5408 1.66

.25 ‘ HREILS 4,02
& 0, T .02 !

14 ) 5 ’A,Je’ i
- ! ¢
; i - LT !

6, (4GS &2
0,50 6,0843 6,98
4, A 00,0580 ; G,52
oz = s .
1,39, e — e
$e offe. - . -

99,60 3,2562

maiu @am& from the center of ﬁ@naz

M., Ye. Eazakova, 1957
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i Az hes alresdy been menltioned abova, the emeralds
I which lie in the phillogopite zone are wesll face i,@
haoving a deep gresn color, sometimes umevenly dis LﬂxmuiP@
are fractured and contain considerable amounts of inclu-
sione., At ome section of phia;mpitm shale 2 single trans-
parent crystal of pure em2 srald was found, .5 x 8 x 12 om
in aize and rich green in colore This sample is now
kept at the Mipsralogicael Mussuwm of the Academy of S¢ie
enses U3SR. |
!
Table B3 |
Findings of Spectral Analivsis }
of Zonal Emerald {in %} §
i
4 Zene Cend T?‘j« Love I
Blaments bogrosn ZI::V Light klwe i
M,‘J-‘ P ¢ - rasa ‘
Venadiun ! ;
Nigkel.. o) 07 - i
' e 6,025 (4,005 |
Gallium -~ ., | 4,005 6,605 }
B C e e 6,47 0,07 ;
Lithiwme - o '* (}:(}3 : o .;
ﬁaamﬂium»””;,... 00 - ﬂ
cobalt- S| 0,05 0,0003 ,
Copper- i
found at the phlogopito-taic zdnes also §
diapla sive green color, geeasionally containing:
AR unts of phlogopite, talc and aciinolite !
inclusi 68, Emeralds which occur in plagicclase,
ot ihe r Y d, sontain the least imclusions, are less,
corraded, aiﬁhough the intenszity of color is considarably.
weaker . wgki facetted oryetals are seldowm met with. The
usual size of the coystale is 0.8 x 0. & » 5,0 om, some-

timos somewnat largere. The clesest associations charage |
teristic of the emerald is wiin phleﬂmpmkmg plagioclase,
by

flueriie, topa=n, zpatite and beryl,
The coler of emeralds, as has been mentioned above

3
ted with ehromium for the most part, which is

is connec
ten from the enclosing rock. Ultrabasic rocks {dunite

B 2
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roded &»;r ;g:hlamﬁw
i ite amd,
i % of ‘%»i:.u {';emﬁ@)t’”“
}ﬁi some i..‘a’;. the same M’*m*‘ué
varies f:ﬁ:‘&.‘sm o The wineeyellow |
variesty Lo A svnilght for some:
“&;i.mfz% becomit TR 5 R im (1158) is
*oelgar, dw (L0LL) sonchoidal fractures

3 g st
4
’3.-" "'n,

T st ™ !5»».
i R

T2, 1
: ﬁ e

!L ‘
E K
[
[
; i
E I
:
ioE

. ).\'A(“,‘.,«,.r vv-mat_l;v

;y. W& e
Fils

Phanacite cryst
4

W. L, Bokshar

g3 &
e transparent

times

%iiuf ant s :u,m i g ‘ N
A . T b S g o f Y
spaaus.  Tha sne watght ix 2 xﬂﬁ,xzﬁ = f;“’«g.e»é;».4 {Table 542},
It ‘Smférsmw a5 J

bue or wellow. Csriain wvaris
ith & rich ;‘a Gern nBud.
seotions are coicrless. Lts dscayed kin
B brovs color it is 'm*;s&, cally munoaxia
= Wao o w @gf:‘ig? Ho o= 3965

1%&; BES L 'ﬂiw
&y "}Vi &=
LA Refraction in

e

??
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Fige 7i. Phouncite Crysials Ovexlain
by Phlogopite. Nat. size.

The 1mﬁvMp£amaw gpaces of phenaclie measured with

¢ tm s i et s Sp

a debavegram are presented In Table g5, & calculation
af unﬁ.rahmltg.@f 2 shemical analivsis {(Tebles 563 beodls
down te the wveual formuls for phenacite EéWSiﬁhs Among |

the sdeivtures ome finds silght amwounts of sodiuvm, polasg-
shwn, calciuve and magnesium. DBy spectral smalysis the
Foliowing wesre discovered o boot: chrowmium, tdtevius
{0.005%) , mangansss (0.001%) and copper (0.0003%).

Phensecite is ordinsrily fousnd st the chlorite and
phlogepits zones in dessillconized gpegmatites or at the
sontect batwoen them. It somsiimsz forms nests of buge
syystals {up to 10 em) locmted at the chlovite lsmsesg or
zones. The eryvstals are colorless, water-clesy, wine-
vellew, and vellow, often fractured. The cracks are
£illed in with chlorite and phleogepite. The decayed:

PR
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%
Cprismatic form s
AL

somewhat later (see Fige 72},

Y e e ,._m.{

phenacite variety is opaque., Fhenacite ds agsociated ?

with Fluorite, apatite, cury&n%@rylw alexvandyd t&, tour-
maline, berviecountaining mergarite, phlogopite and chioe
rite.

o~

Table 54

Specific Weights of Phenacite Varieties

Variety Spec. Wi Investigator !
. . PR

Transparent 2,569 Nordenschild (1833]
- i

Water~-Clear 2,996 fe 1 |

tei 2,482 Koksharov (1857) |

R % . Q0L Breithaugnt :

i

. {

e 3558 Kutukova }
Wine-Yallow 2.8%9 K |

Phenacite found in delomite apophyses in associa-
tion with scheelite, flucrite and pyrite is of hydro- :
thermal oriygin, notwithstanding the fact that, il one
can judgse froam the iiterature {(Pough, 1938) its short

tienid be on indicetion of formation at

o ;

& high temperature. :
Phenacite has an earlier @gf&gatium time then }

apatite, fluorite, phlogopite, b&iﬁ} te which £ill in

By
the spaces between its orystals. Phenacite and chryso-
beryl commenced crystallizetiom nearly simultaneously,

the orvstalilization of ehrysoberyl coming to an end

faed

Vegineg with a strong development of chlorite and
talce zones are most propitious te phenacite formetion,
since chlorite and talc are the main absorbants of oxides
of aluminuem and silicon, although the shortage of these
oxides produces phenacite instsad of beryl.

At certain sections in these insiances where the
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chlorite zone ig lacking or
bervi-containing
vhenacite.

We phoenasite, ohs
together X sSiom of phensio
very raraely @mm@anfa 2d s

maygarite erystallicse

~vasheryl
cite wit

oy A
et e

“

Table 56

Chemical Conposition of Colorless

the Phioj @pﬁm& Lo

s

& ".‘@ .x‘;‘.f

F Z b

3 3

o " " nd € ay 5 ;
Componenta ghe % ¥ ¥ = 3
y L; R ':‘&‘m R

L 2 M

?é & :i a ¥

o ?

&, b e

Y 4% &

'3
|
Bl oo o 0 o0 e Sebs | 9.8859 | 4,76k 6,97
Tk v o . . . . ,g’fi"‘ adiay. z H— o e
}3‘-\5@3 ¢ e 4 e v e 4 s 1 Ca. E — et [,
Cealy, . . . o . .+ | Fe ofm 3 - . —
Fady .. v . oL a — - o
Fely ., . . . .. L) o - —
Beld ... .. .. &5 80 gen | P
Jit 3,45 —
w’i‘f‘ PP "L%u |

Y\;(} b e s
Z“uﬂ,esb....

$,6%
8,726

Mh¥
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flz o

Phenacite

very thin, chryscheyryl and
Joedntiy with the

haryd

vyl is

i s
[-4%]
".f;“%
Ny
B3
%
b g

[T R S 0,44 —— i —
S0y % | PR
S L . e . L . My, 17 é bg,885 |
A o ] ' I
- W‘ﬁs»h R 2,‘3%&; E

i $«§« “3 . o ‘:- o 0 viog

Ans t i M. Ye. Eeszakova

26, CHRYSOBERYL
found in the
# and granular
seteristic
gaurad and

Chryvascbasryl 4
lat srvetals, ulage
like striee are chear
crystals are often £i

Eovirm of

of the plates.

aggragates.

The

sovered by flakes of

short prissatid,
Feathere




5. —
i phiogoepite and chlorite, The coler ip yellow, grecenish
1 wellow and in decayed varistles brownlish yellow. Xt is
e %%Hwyﬂva to semitransparent. The specific waight ds
%.6%0.  The section le coloriess. The lndices of refrage
tiom: Mg = 3$?§”¢ Hp = 1,747, NgeWp = 0.010;7 2V = 52°
Agcalouletion of the dhemicsl snalyses of chryso-
beoryl {Teble 57) produces ihe following formulaes ;
Anslyeis 1. :

1T 3
{Beg :580,0001,00 {A mFeg aFen ooiigo 0 Tio 001005
B"‘:ﬁ{‘,‘ﬁfi (ﬁd‘ anivy (| ,]‘#"9 m‘i‘m) Luﬂ.&

to the dats of chemical anslyses Thers
ﬁ;&c»ruﬁ ropically: in one sample {Teble |
bismuth {0, *5ﬂ}g vanadiuge (0.02%), }
Ei;um {(G.,01%Yy in the second sample %
v (0L.1%), gallium {0.01%) and vansdium !

ware GiLneaverd
BB, anak. 17 -
s MENZBID B ﬁnu
{anal., 2} ~«
{0, 0%%% .,
Checording to 5. V. Grum-Srzhisayio
the color of chrysoberyl iz produced by ths presence of f
isomerphic admixtures of chroemium {(green) and iren
(wvlimwﬁ in it. The intensity of the color depends on
the content of these slemeniss
The interplenar spaces jn chrysobasryl and ivs
vapriaty = = ;R&&&wﬂ“igﬁ messured with debayegramg
Wt e ma&viy identical (ialh@ 57} .

1f 0, 1546)

The segregations of shervl tend to gocur ©
. yw£W“r5 ;s hm the veaction of dezxiliconizsd pegiiam
titez: chlerite, phlegopite amd alumcbintite. It is
Taraly prw ent in the pwagﬁ&@lamm part of the veins.
CVM;ﬁnhu .8 encountered in the largest gusntity in
sones of &u@ mpical mawmx of degiliconized
whe form of tabulayry segregazions, sften
h“}h nea&w@rixka &ﬁwife, grayiah green and greenish
vellow in color, in sssociation with gphenacine, flusrite
or plagiosliase and ﬁuurmalauﬁm I the ph?a‘&pit& and
alumobliotite mones chrysoberyl is found ratheyr often in
thae form of wﬁmwt priswmatic crystmlis, platev-shaped isola=
tions, lsszz often granvlar arsr@&m@mm and apophyses up
Tt e F w»& o tm,mk {(Fige 733. It is pssocisted with
phenseite Q%r o 7hY ap&%&tm teurmalioe and flucrite,
T plagioelase rhfyuuhwrylxxs gseen in the form of large
erveta 1@ lettuce greem in color and closely associated
with m&k}lwﬁﬂmtnm Aing wmargorite.

Chrvsoberyl forma earilier than apatite, fiuvorite,

s

*? 2 e

"’53

R




hluz:te bervliec artaxnlnq margaite which

1 es between its crystals. in

s io the emeral beryl, to”vmhlznes chrysobheryl
latﬁrt Trne crystaliization of chrysoberyl and
henacite proceeded meariy gimultansocusly.

Along the system of random f1¢ ures,; chrysoberyl
is sometimss replaced by kﬁ“liﬂ and duse tn the high
pelitic content it hecomes brownish gray (¥ig.75 1} in thin
sections.

Fig, 72. Interrelation between phenacite (&e)} and

bhf“ oberyl {(Xpj. The chrysoberyl granules

are diztributed arcound the aegregation of
phenacite and £ill the cracks in it. Magn.
4 % Without an analyzer.

e bo -

—————




Figo

7%, Chyrysoberyl Apophyeis in the
Phlogopite Zone. Nat. size.

74, Association of Chrysoberyl {(Xp)
Phenacite (I e). Nat. size.

43




¥

Fig. 75. Change in Chrysoberyl.

i

Hagn. 45 K. Without anslyzer,

| Fable 57
. Interpianay Sprees in Chrysehervl and Alexandrit
(Cueradiation mp ;

o My

Qd by = U,{; ?A"'M}

eipiiaie vyl

Axmﬁ&m&Tiﬁﬁ'ﬁhvya%%erﬁ%mnwb
X q i ; g [j sibit 3 : 4
Fl

§ s - — % 0 ¢ ! 1,5 | 4,43
L2 i - — 2%}t 2 1,408
- i 4,5 1 4,04 . § 2 1,078

& 3 e 3 i H 1,684 "
S T - 5 3,35 B - o
B 4 3.5 Doam bom o g 2 1,04t

7 % - — B4 ! - -

% § — — % 1 i 1,020
LB 5 , 8 a0 38 § ; 1 §.0806
4o 2 — — a7 — 1 6,578 |
A4 - - B 0 g | ooent 3 10,083
Pz 3 4 P SR < T — (RSO BT <%
43 2 - — A ]y 0,899 - —
86§ 40 2,07 9,5 { 208 ﬁ 4 . - 1,5 | o004 |
B T 1,85 - — b ATy 0,803 | 4 0,80
|16 | 4p | 1,6 Wb g boas b, ] gsss |4 0,859

170 o 4,54 g § .54 4% i o.858 | 5.5 1 p.840 7

18] — - 4 L5L A, L opsee 6D osa

19 1 4 1,48 - - Wl aser Lt | 0,828
2% 5 1,45 4 1,46 47 7 — i 0,825
L ogn % 1,88 o - — 45 § 0 B4 1 0,815

43 3 1,36 & 1,37 A4 i 4,847 - -

2 5 1,25 5 LA b e | o

24 § 1,200 3 p,u81 ?;’I g 0,788 ! VT4

25 3 1,354 3,4 1,200 WA i U, 786 - e

et 2843 1,208 TR IR IO T BT ISR
cere OEC BN B S ' :
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ARDg .. L6000 44000 0 20065 P41 TRB8 §,04T60 2,508 1,6
Crds . L . o1 G080 6000 0,000 TR . - - -—
Fe 0, (.07 0,0002  0,uied 6,00 3,060 00,0882 06,0373 0,05
FeO ... £.000 0,40 06,0403 TR — - e -
BeG . 40,05 D DUTREG 0T WUT O ABL00 BTG 0 0,THE 0,43
Mo N B Y 1 T - — -8 0LE0EG . 6,6045 0,00
Mg ., a0 o068t 6,06t 0,6 0,35 00087 o,0087 0,04
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5 Chemical of Chrysoberyl
I.Platy wveriety with grayish gresn colex
Z, Crystals with greenish vellow color
% e Component
L, wel %g ‘;{L
5. stomic af cationsg
2 ﬁ‘}n"‘{(“' .’f&’.;
7o Atomic aguantities caloulated for Oy
£. weight %
9. Atoemic qua E
19, atomic guantitiss of oxygen .
1i. atowmic of cations, caloulsted for O
12, Bum
1%, Analyut
}\z@:s M, Ye, Kavakovsa
1%, ¥W. 8. Baltvkove
_ In eyt the chrysoberyl and phlogopite
hasn, undsr t&@ iE af carbonate selutions, bean
replaced by dolomite and the fine micesceoars type of
gilbertite. S ig therebhy apparently carried off
in the form of bicarbonates.
27. ALEXANDRITE
Alexsundrite iz ¢ chryvesgberyl wvoriety colored gresn|
by chromime (0.30% Cr byxa It i® a dichroic miraw&i and
besomes cherry red in” aftifical illumination, The oy PV B
ltals avre tsbular ziong 2{100), wore yvarely short and
Phong priﬁmnticg Measurementa of the crystals veres made
by N, . Kﬁ&‘ﬁ ov. The ﬁrinuigaﬂ forns of alexendrite
are: o {11l ), R {3003, a (01O}, i {ﬂi;;ﬁ # iim@}g and

P zé 3 AP

§
!




r {121). They are part trillsmge (Fig., 761, part
twins, The triilings svsume a gix-sided, platy face :
end im the Urals bave gotten the name "peshla” {pawns)
(Fig. vFal $@m@&iweg%h@ trillivngs fora pseudohasxasponal
cryatals with incident sngles (Fig. 77 b}, Feathery !
striae are often seen im in twine (Fig. 77e¢). The ﬂrygm‘
tal plames ave lustrous and for the lerger part smooth,
only planes {00} and (100} tend ito be covered with vers|
tical smivesks {(Fig.77d}. Trillings ave often inﬁ&ng@wni
in greoups consisiting of foeuwr, five and more indiviﬁuals.i
The sizge of the crystais ds O,7 = 1.5 = 1.5 up 1o s
x
l
|
i
i

1.5 % 2 % & em, rersly lavgev. The largsst crystal
coneretion of alewandrite kpown today conasisis ol 22
guperbly formed trillings. The size of the coneretion
i 31 s 1% x 2% ow, individual trdilings in 1t atiaining
9 em {Fig., 78%). Ths ocrvstels are ofien coracked, the
gpiite Filled in with flakes of pite. The color
¥ neparent to semis- |
trangparent. The speocific weight ig %,66%, The intere |
planar spaces of mlisrandrite ave presaenited in Table 37.
In section it reverls well exyressed pleschrolsm:
Kg =w amsrald groewn, Hm == arangs yellow, Np -« violst
rad. The remeining p ; ' sptical propsrities ave
analogovs with ohry

LY

& £ phlog
ig green, and gravish green., It iz ¢

Fige.76 Alexandrite Trilling. Mago. %,
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The spectral wethod has resvealed in addition
te the data Trom chemicel analysis {(Table %59):
gailivm {(5.1%), vamadivm (0.5%), cobalt (0.001%),
manganese (O.001%), maguesium and copper (0.0003%).

3

! Cuemical Composition ef Alexandrite

' : N . P ie Pramic  Granth-
Components : weight % Atomic Fotavties ﬁaefgﬁi
: ' . guantities Fogam saleuiatbed

of cations for OX4EET.

. { Avomuune wo-
ATCHHERE NO- | ATOMNNE KO- | JUMLCTTRL 2A- .
Ko sonesrit Ber. & ARGDCTRE Kie | ANQOCTEE KW TADROS, PR~ ‘
THONOB HOBARA (St LR T i
‘ HE Oy {
; i
PBE e« h ey e e e s o] 2,43 $30a 08,0840 6,05 1
T e e e e e e e Cn. o .
SR e e e e e ..l D04 L 0,000 10,0002 0,00
ARG . e e ..ot TB28 L 1,4760 4 22049 1,90
CEGs  e e e e e e ) 0,8 U, 0048 0,088 1 0,01
PRy o o e e e 0,8 0,6038 04,0007 0,01, X
S £,44 G,0885 04,0498 0,03
Bl . v e .. ] 18,74 6,71462 0,452 0,86
PMRCY L .. . .. .. ) HeoBuo) o o = ' - —
S I B L - - e
(" s TR B 383 0,0260 0,0269 0,03
I F7 5 L B L B A6 - — :
Hzﬁ" ¢ s % a6 s e e He o, ot —“— . ‘
TSum « e e o] 00,00 § 3,105

Analyst M, Yo, Kazakova

+

 Recaloulatien of the findimge of the chemicel
analysis of alexsndrite produces the fermulat

The largest aslexendrite nggragetions srs found
in the phlcgopite zones of desiliconized pegmatites
or in assccistion with beryl and emerald, or in the
form of well formed érystels ixn asscciation with




"

S

phenmelite, chryscberyl, apatite snd tourmaline. In cers
tain cases alexandrite tends to concantrate at the con- -
tact boetwesen the phlogopite zone and the plagicclese
or to he lecatsd in the latter. Geeasionally 4t is

present in muscovilte-Lfluorite lenses ivn desiliconized
pogratites sy small crystels {vp to 0.5 om) esmbedded in
the fiuorite. The usual associationz for alewandrite

are with apstite, phenacite, flusrite, tourmaline, beyryl
Liwm containing wmargerite, phiogopites, chlovite,

<

=

e
N

Fige V7. Alexandrite Crystals {according to
H. I, KQR-@h&rGV) ® '
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2 5 earlier in time
than flugcrite, berviliuwm-containing margarite, apatite,
hlogopite, and chlorite, wnile later than beryl (Fig,.
p ﬁ}.’ 3 %

797 and tourmaline,

plagioclase, and beryl. It segregate
£

Chrysoberyl and alexandrite form under conditions
of relative concentration of the molten slumina solution
as borne out by their close associstion with chlorite
aid beryllium-containing margarite.

Fige. 79. Crystal of beryl (B) in alexandrite
(Ad) . Magnified 2 times,
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& moaeral wes discovaered at the
in 19%% oy Y. T. Kutukova {(1944) wélc“? altl
clusely related to bavenite in physical and o
properties and chemival compositisn, did nonetheless
differ from Californian bavenite {Schaller, ﬁalrahala,
1932) by a significantly greater beryllium oxide aumient
{(6.,60% Bel instead of 2.67%)., This particular discre-
}»an vy dn beryvlilivenm oxide was explainaed by the ﬁmp:ﬁé"x'i ty
separating beryiliwn and aluminum and the inaccurasy
ol previcus wethods, all the wore so since the sum tn%al
of axides @f these elemenits in both analyees was nearly |
identical {see Tanle 62, snalyses 1, 4}, Fowledge and
Hayton fl@%ﬁ}, h*ie studving this mineral from deposits
in Londonderry {(Wesitern Australia) sich is close in physd
ical and cptical prmﬁ@ttie~ to bavenite although contains
an incressed amount of beryllium cxide {7.14 -~ 7.72% Be0),
presumed it te be s npew mineral aund called It duplexite, §
Fleischer and Switwey (1953}, knowing from the litera %ux‘
that bavenive {rom the Emerald Mines conixins (.00% HeQ,
douhted the correciness of classifving this mineral as ;
an independent species, They underiook repeated chemi~ °

T e

T

cal investlgations of bavenite semples from previously |
known deposits, as well az enalysing several samples E
from new sections. No great variations in beryllium :
oxide content were discovered and it seemed appsrent i
that in the aarly analysee a parit of the beryllium oxide!
had been taken for alusminum oxide. Thus, in bavenite %
Tyom Mesa Grandes {(Schaller, Fairoehild, ig%ﬁ) which woas
“'Tyi by Fairchild {2.67% L?ﬂ} there was found to

L60% (see Teble 62, anal.%). On the basis of these
they came to the concluzicn that the mineral from
the Londonerry deposii, deseribed by Rewledge and Hayion
as duplexite, showld be classified az bavenite acmarding

te iits phyaical and optical properties asnd bervilium
oxwide contenti, which was alseso indicated by comparison
of A-ray plates of duplexite ard bavenite.
davenite Irom the Emerald Mines is found in the
?0rm of radial columnar spherolites (Fig. 80}, radiating!
egregations {Fig. &1} and ressttes consisting of bunch %

s K LSS T SRR S AT 8

[P

: af felted parallel fine laminae . The size of the ‘

! segregation uwsually varies from 0.4 x 0.6 te 1 x 1.2 cm,%

4 . . o ' a s 4

{ in reare instances going up to 3.5 x 4 em. The color is |

§ witdte, someitimes with a faint greenish tint. The sireak;

e S ek
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Table !

Minee

poin bavenite from the Emersld :
i are aimsst similar (Table 61}, t
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The heating curves of bavenite attest to the fact

that bigh temperature water is in it and is separated s

in the range of 590° « 950 (Fig, 82), :

Ag a supplemsntary Linding tnrmwwh apsctral analy~

sis oi the baw te one discovera magnesium (0,05%),
4

germanium (O 0I%Y, gallium ,Gﬁiw)g strontiuw {0,0025%)
and copper {(D,0008%). Kﬁ one of the bavenite samples, .
S$. K. Fedorchuk establi 7.6% bervilium oxide content, !
i
H
i

Fig. 81l. HRediel Segregaiions of Bavenite (BB).
Magnified 2x .
3

v 51



e first chemicsl Tormula for bavenite proposed
by Artinmi {Table 63, snal. 3} hés the following forms
6510y * Alglg: ICale H20. Paivehild (smnal.4), baviwg
digroversd 2.67% Rel in ihe bavenits Lfrow Celifernia !
geve a mew formulu: 95508 - AL30%Bed - 4Calo Hg .

—-—

Fiedischar, ﬁm& Suitzar's recalceulation of the asnalysis
of bavenite Crom Califernmia {(Teble €2, apsl. ﬁ)fﬁr'ﬁaxzé
24

has led to the Tollowing formulsa w&é»llﬁﬁﬁ ?ﬁﬁll zgﬁig
Q% + 1.,90He0,.

bl X
R T T OO0 T N TN U OO U O A
i i "’-wm,.zwf{"’ " " %:(P“‘ 4[‘?'”&‘»%‘ '
. ? k
| W
8 b W
,u:.wes'e_a_y;—u | SRR A
: 7 : i
£k : ! i
§ Y NS HE P N ﬁw frad e T /l"’iz? S
i fo—— 4 e . 'y 4
b § F-4 ae? L W H e aeun ot

B

swg {1} and Weight
2} Curves of Bavenite.

\ : A

Lags

The bavenite from the Bmsrald Mines was anaslyned
twice, the materisl having beeon selecied from one anpd
%h@ game sample, The [ind %gm {(Tavle 62, anal.l and.2)
turned owt Lo be.very ¢les Tre aluminus and beryiliusm
axides praﬂmpmtathoww WEI e an&lvgad by the spectral
meihed to check on the puri tv of the sepavation; the

ansadvsis showed ggaﬂ resualts
CRacomputations of the anamgﬁeg of bavenite from
the Uralisn Emersid Mines prodace the following forsulas

»

4 v “,'eﬁ“‘ﬂ : . "\ v ~. —
Analysie b CayoBes wAly nFeom St 75800:0,5] (OH) s
Analvsilis 2. Ca E)Bva a5 A ;g m{‘ 6‘:'9 &i .1!3 'n.ﬂgygﬂ(};&p?g} (OH};,Q;;},

Bavenite teuds to occur in the plagioclaze part
of the desilisonized peguatites. I1 Lz formed &s a
result of hydrothermsl changes in bsryl. In thisz pro-
cess a part of the beryllium becomes baund in bavenite
aridd bﬁrjllxu%mmmmt&wmiww miuw@elina at thes site of the

G G 5 2 L iiiaaiad

. B3, -
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reaction, while a consideradble pertion of it is carried
off and deposited in the form of the same kinds of new
formations in the crevices and hellows of beryl, plagio-
clase, muscevite in associastion with flucrite, tabulare
prismatic albite and fine-scale mica. HMoreover, the
radial colummar precipitations of bavenite with epidote,
sphene, ferruginoas prochlorite {ripidolite} are found
in thin plagioclase streaks which cul threough amphiboles
and serpentine.

Fig. 83%. Replacement of Bervyl (B) with
Bavenite (Bgl. Magnif. 20 x
Nicate

The most characteriastic bavenite assocciations

are with beryl, plagicclase {(No.31l), flusrite, corundo-

philite, muscovite, albite, Lerviiium-containing micro=
cline. DBavenite is later in precipitation time than
all the minerals associated with it, with the exception
of ripidolite, later thsap albite and epidote which grow
on the segregation of bavenite., Freguently, the bave«
nite c¢crystallizes abouil spherolites of corundophilite

ety s Mol P R,

o o

o 2 A B s bm
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Durding later stages in fhe dyﬂrmthermai process havemite;
in substituted by bertrandite. i
i
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29, BERTHANDITE !
{

Aartraudite iz found as an accexsory mineral in

. . ; - i §

groess line pegmatites and in pneumatelytic-hydrothermal)
VeiIns . It is noted somewhat less often in pure line i
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Fige Bh. Bertrandite Crysials ;
Bertrandi crystals are very tiny (0.5 x |
wm) and dlspiny a plate form., Somsiimes ;
crystals are di saavercd, forming aggregates g
% 1.0 cm in size. {
view of tne friability of the mineral, well
crystals are very rarvely met with, Measuring
crystals, the following forms were discovered
indices presented accoritn% to VoM. Gold-
a{100), L{OOL), (010}, gf1iC) and £{130},
(010}, (110}, (1L30) are very narrow and
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ordinarily produtes poor
dyll and in certain beciiu:
The mineral s colorles

miliy white apon decaying.
times pearly Cleavags
(010} good. It is
bisxial, ne VFtu%@a
Nm = 1.606, Kp =
sign of the prin@
the debavegram of berirandi
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Interplanasr Spaces in Berirandite
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| |
4 : 1,3 5,477 l 28 3 1,470
2 1,5 £.880 1 1,145
3 4 4,633 4 8 2 t, 400
4 7 4,875 : 24 / 1,100
5 3 1m0 3 { 1,000
6 4 3.8 3 2 1,075
7 2,5 3,510 32 1,5 1,055
8 i 3,324 35 i 1,03
3 ) 3,474 34 1 1,044
1o 5 2,000 25 § 1,003
11 6 2,527 P36 "6 3,620
2 5 2,283 P87 4 0,858
13 7 2,280 38 2 6,558
14 2,3 I.028 . 34 4 0,842
15 4 §.504 : At < 3,834
46 % 1,700 4t 1,5 0,827 :
17 2,5 1,869 4 42 i 0,819 .
i& 2 § £33 i 43 1 08,8414
19 4 1,554 s 44 0.8 0,804
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% 1,5 4,562 b A 1 0,708
92 2,4 (1T Y 0,6 0,791
23 7 4,800 :i 48 i 5,788
ﬂgf %35 1,250 ) 59 5,6 5,782
25 4.5 1,948 i 50 1 8,71




-

. E}'A%%ﬂn 2

A rvecomputation of the Fivdings of chesmical aselysi
'] 2

v g M@ tf&&uhf¥ (T akjﬁ Gh) Woils down to the usual fors
; Lﬂ“m@ﬂ ﬁmugg x

Irowm and colediws ave pregent as

g specitral méthod has ﬁ@t@ymiﬂmﬁ i karitrandite

Fial 'g“
285
¥ aﬁii&imn to the Tindinye of chemical suslysis: @@r»

s% BEY, mang

nese {(H.0 m,.‘é,- :w,»,,n.xi magne sl um

'glmﬁ @f “hm tranasparent platy
inized poavt of

W@ﬁﬁ% hw& hawz the foellowing

Sils "ﬂ%w%?e Bsd 4£1.97, Ha0

andite is, azx shown by thermal

<

:. o FOOGE {f‘ L& s &%}m

E@;tf&az\ wr$%npm in the late hydrathermal stage
aftey bervl sand én pavitain instancss after bavenite
{(Fig. & Bartrandite crystals ovdinarily £1i11 the
mollows whiech g & vesalt of rhe lesching of beryl
sad bavenite staglacinse corss in desilicondized pege
matites.  Ir intensively kasiinized plagicclaeses ons
s RS prandenol

u s,

contaiming micreciine alter beryl. In lhess cnzes the

i‘u hie ﬁb&

on of ﬁv“*rﬂrd“m% f

Cheamicald C@ﬁpmﬁiﬁ
Fiucrite Leps

Atowmic
(ﬁ,g}»ﬁf; t.an é" % £y 41

Components e

ohe of yerirandite and bervilin

18

ivn tewpesrature type and separates

¥ AP o Cukiant
L of sations £ wgﬁﬁggﬁﬁ
e L e
e 5. 5% 8 L6960 1 2,08
e e e . g, 00 e s ’ n
v oa s e s s s R 8 e —y o
e 0,44 £,0018 0.00%7 0,00
e e e . 3,00 -~ - D e
e 40,83 1,6424 §,632%4 3,94
e e 0,60 - — -
Ve e e e ey 1,68 6,582 0,042 0,03
fﬁu‘** e ¥ et 4. e 7.46 03,8282 O.414% 4,88
A e e — — -
BT e e e e (0048 b 3,7573
hnalvet ahd voay e e
nf Research M, Y. Eagakove, 1957

§gywe



-~

 beryl crystals embaddasd in the kaolin mairix have a
milky white color aud easily break with slight pressure.

i
3
|
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i LT
o, f-v

4e5%
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3, & y 1 . 4 3 H
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Fig. 85 . Heating (1) aud weight
, iozs (2} cwrves of bert-
randite,s

Besides, herirandite ig seen in the kaolin malirix as well
formed flat crystals which sometimes geather in paralel
sggregaten. Ir those case, where the bertrandite has
Tormed with bevenite, unigue reticular segregations
develop; when studizd under the micressops it has been
discovered that they consist of fliekss ef bertrandiile

and finewscale mica. _

Somewhat less often bertrendite ie found in muscovite-
fiusrite lensss in desiliconized pegmatites, as well as
in albite-guarits and muscovite-albits punesusatolytioc~
hydrothermal wveinz, It is reprosented by fins prismatic
crystals or aggregates of cryatels (un to 1.0 om across)
which have grown on the corroded faces of beryl or on '
the walls of hollows formed as a comsegusncs of its baving
besn leached.

In pure line poegmaitites bertramdite develeps rather
less often on bervi. . '

The most usual bervirandite asrociations are with
plagiociase (No. 28 - 28), beryi, bavenite, albite, flu=
orite and corundophilite. In relation to these minerals
bert andite forms later.

The filet bertrendite crystals stemming frow kasline
ized plagioclsase lenszes in desiliconized pegmatites are
sombdtimes sowmewhat altersd, this being expressed in ture
‘bidity and the appearance of milky white color., These
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Analysis 1.- (Co0.0NaoKoeh o0 (Lio.2oMgo.0do,2s (AlzeFes 02)2,08
[AY B2y 52812 60046} 100.0380H  mF e 2020

Analyeis 2. (CapolNag ko o)ie (LigeMgo e (Al sl es mCrogeh e
k]

AL 0Beo 50Sia.m (O 0oOHa o)} O wsFo arlo0

Analvsis 3 (Cag 2 Nag, Koo 1)o7 {Lio.onMgn oo 17 (Alz.acFec o aer
-na } sis I '{;X’i:,’;’)"E‘}Q"],'l'lSi'.z“)'a()i()} {(‘)\‘I‘I.\(}i‘il,m‘}:

aoslao

In contradistinction to ordinary margaritse, the sili-
con in tetrabedrons of the margarite analvzed coming
from the Uralian Emerald Mines was not only replaced by
aluminum, but by beryllium as well; compensation in the
valency is then achieved by the replacement of oxygen by
Tiwvorine or the hydroxyl group.

Precipitated beryllium oxide {Table 66, analysis 2,
3) was analysed by the spectral wmeihed which showed tne
presence of foreign substances toitaling not more than
0.1%. Spectroscopic determination revealed in the mare
gorite: strontium (0.005 - 0,05%), nickel (0.005 - 0.05%}),
titanium (0.05%), vanadiam {(0.C05%), gallium (0,001 ~
G.005%), copper (0.0005 « 0,0025%) auvd tin {(0.001%} ., A
comparison of the findings of cheuwical and spectral anal-
yses of the different margarite varieties has shown that
only insignificant variations are sbserved in their beryle
liuvm oxide content., Chromium (0.4%) and nickel (0.25%)
are present in the bluish green margarits, which is
apparently resvonszible for the green coloration.

In cross line pegmatites margarite occurs chiefly
in the phlogepite zones and at their contacts with plagi-
oclase bodies., It is not found in pure line pegmatites,
In the phlogopite =mons margarite is represented by tabu-
lar segregations (0.3 x 1 x 1.5 cm) of light brown and
grayvish blue color {(Fig. 88}, as well as by foliates of
a pearly white hue which sometimes make up streaks (Fig,
89}, It is associated with teurmaline, fluorite,
apatite and chlorite. At the contact between plagioclase
and the phlogopite mone, the pesarly white margarite vari-
ety forms fringes up to 5~ 6 cm.thick which are composed
of finely scaled massive deposit or foliations {up to
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G,8 % 1.0 em) sowetimes oriented along ithe cleavage foliw
aticn of the phlogopite zons, sometimes perpendicular to
it.  Goc mgxumamiv pesrlky white wmargerite ccsurs in the
plagicel and in the larite zones in mgfnaiﬁw
tlon with angd platy mmr?a@bwrylg AL ome of the
sections alonpg the contact between chromite and muscovitoe
fisorite 1@vﬁ@m s blulish grean moxgarite varisty was
found, made up of thin {1+ 2 em! friuvges.

In ponevwatolyiic-hydrothormal veins margarite is
encountered considers Lily less freguently Two varieties
4 L hmreq the peavly whits and Light ﬁrowm@ Foarly
%hxt@ rwariLﬁ thin fringes (1~ 2 om} in slbite

P OMRE OOV aihite veina at the contici beltwsen
wone and ﬁhjuwﬁpﬁh ITte light brown veriety
Lhe form of thin auuldr previpitations (0Q§x
u in the phlogovits z2one of mpuscovite-albli
welns together with fluscite., The poat Ghm;&ﬁtﬁrhﬁ+16
paragenesis of margsrite:; phlogonite, y&&wimml“&ﬂﬁ fluvo-
rite apsntite, chrysoberyl and tourmaline, Itz precipl«

taiyﬂﬂ time Lo Jater than ithe above listed minerals,

‘ te iz Formed either during the Adu@‘ﬂf@gﬂﬁ of the
wraﬁa & wr at the prneuwatelyile-hydrothsrmal
»mrahéxm“w hmwa *hw m@,ﬁﬁm ﬂmluhion is

mA‘x,
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2,5 x5 x 6,0 em, tending to ccour either at the contact

betwaen the intenslively albitizsed mierocliine zone and

the guartz core, or at the blocks of potash feldspax

which are sometimes wtruzgly albitiged, In tentalum

and colwmbiwsm countent (see Table 67) it belongs to the
colushite~tantalite, rich in mangensse. A predominance
ﬁt tantalum over the ceolumbium in the columbium-tantalates

g goeverally charactaristic of pegmatite veins having a

QMﬁ}wx &tfuaaﬁr@ auﬁ strongly daw@lnpwd substitution

processes

‘
*

Takle GH#

Findirgs of Spectral Arnslyvais of Lalumbite
{in percentages)

El@m@m% : Columbite Colunbite~
. Tantalite

Beryllium : S B X 4,005
Seandiua e e e G005 6,005
jond oL e ] 0,005 0,005
Rismuth e e W] 0,0025 0,005

opper ce .| 0,008 0,0025
}bgiﬁkmsﬁh ! soe e s {:r‘}?i’ haind
Fubidios R B L

694~




Columbite is ofter found in pegmatites with
medivm~grained texture, The crystals have consziderably
smaller size {up to 0.6 x 0.8 % 1.3 em} and are rather un-
uniformly distributed among segregations of potash felde
spar or the albite which deveslops on it. The columbite
coming from the medium-grained pepmatites (Table 67,
analysis 1} are characterized by the prevalence of
columbium over tantaluwn (in & 2:1 ratio) with nearly
sgunal molecular contentr of Fe and Mn.

Geeasionally, coclumbite is found in pegmatites
occurring in a grenite wmaseil and in elbite-gquarts
veins. In the Lfirst inztapce Fine coluabite crvstals
{up to 0.1 x 0.15 % G.% em) tend te ccocur at microcline
granules, and in the second at albite fringes in the
quartez veing.

The wvsual asssciation for columbite is with micro-
eline, garust, gueris, wmolybdenite and fluorite. The
basic part ¢f the columbits was formed du the sarly
stege of the pagmatite process, inssmuch as its crystals
are ss & rule embedded in microcline, sometiwes in al-
bite and garpst which developed along the microclins.

22, Microlite

Micrelite is rvarely encountered iu the form of
fine octahedral crystals and oval granuvles. Its color
is light yellow and reddish broewn. It occcurs with
potash Teldspar in grenitic pegmatites, The debayegram
for microlite is typical of the given mineral.

3%. Molybdenite

Molyhdenite is found st the Emerald Mines as a
gsecondayy mineral. It iz renresented by fine scales
and idiomorphic plates showing herxagonal forms, while
cyrystals are rarvely sessn, The sirze of the plates ordi-
narily varies between 0.5 and 5 cm in diameter and
goes up to 10 em in isolated cases. It iz gravish white
in reflected light, It is strongly anisctiropic.

Table 69 shows the chemical analyses of molybde-
ite frow pure line pepmatites (amalysis 1) and plagio-
clase lemsas in desiliconized pegmatitites (analyses
2 and %).

70



Table 69
Chemical Comnosition of Molybdar te

wnwlymiﬁ i Aualysisn 2 hnalysis 3
Components s - eind ¢ wik. of  Arewmic whe % A
smponents walght Atomic i et S e

4 Y f,msz
,,a @L F1=

Mo ... ... 5.7 0,624 § 60,07 6,6068 | 60,08 0,6262
Se et a ] 40,3 som10 | 40,74 9550 | 39,05 1,246%
Se ... 000 - D008 — 10,007 -

Fe oL - - 6,002 — 1 0,00 -
Re ooy .. | 00008 - 0,0003 - 0, 0058 -

PRI Ces B, 07 106, 3

400,04

The findings of speciral analyses af {ive molyvbe
denite ssmples are uxc@ﬂﬂ*@n in Table 70. The firat
three of these sewxples were also studied by the chemical
methad (1, 2, 3}

Mol ”Larw%ia is fuuné in pure line peguatites
arourying mwkh in g and in metsmorphic strata,

! ; i..mﬁ %@ﬁ pogmatites and in pneumato-
9 e AR XU forgations,

In pure lLine pepgmatites wmolyhdenite tends to
o ot the microciing which iz met with in the form
of fine ph@maw,ffaﬁ and sometimee platy pegregations up
te two centimeters in size. In the desiliconized pegma-
tites &t forms ' 0.5 cm) phenccrysts at the
contact betwsen The plag w¢£a~@ bm@i@w and phlsgopite
pone . LEE large ;
10 ow in dismeter} are fcum& at the plﬂgimalaﬂa LOres
sr et their contact with qm&m,m inclvsions,. The mwost
sbhundant impregoation depesit of molybdenite is noted
in zrayish ern wlagicclase, where it is shosely sz
5@@&&%%& with pative ﬁ4wwwinﬁ Basides, mﬁ&jﬁd guite is
pre sent LI “i,km phicgopite zove and somet lmes iz noted

i ﬁu%&uulﬁ tonsen. Lo pneumetolyt f»mmrmw@thuwmnl
L Rt m&&yhuaM&t% i3 encountasred im the form of fine
fimkes in guartz bodies and phlogopile mones; suly at

& single section nsar the contact batwesn the qamrtw
bo&w and plagicelase dees ome ses large {(up to 3 e
tabular Wwﬁtlﬂltmtkﬁnm ol molybdenite.

fn thiz mavner molvbdenite ds present dm all vein
formations, beginning with high temperature pegmatites
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Elements

From

pu

Table 70

Spectral
{ix

%

peycentage

re

ks

Anaiyvees of Molybdenite
2}

PE gs =

p&gmaﬁétﬁm

; s ,

% i 2 I K] ] o
Berylidum+* | 00032 0,02 0,000 10,0003
Arsenic o - e — e 0,0t
Mangenese | g oy i 003 0,0 0,005 0,005
Lead .o 10,008 - 0,001 - —
Tin .. — 0,001 — o o
Magnesiaw | 0,35 7,026 1,085 3,005
Silicon .. {1,014 .08 RS G, 00
Germaniam | — - — e 3,005
Biszmuth v, 0,005 0,085 {1,400 -~ .
Aluminwem ., | 0,01 6,04 6,04 6,01 4,0
Copper - 0,005 0,000 £, 005 &,005 G, 005
Silver - 00,0025 — 0,005 - -
Miockel . - 8,025 - — e
Calciom .. 0,08 i, 04 iy 415 0, {05
Strontiwm © 00005 —_— - 0,0005 O (s

* Bervilium was

Spec

« ntergrowth of Molybdeni
Native Bismuth. Magn. 150 x

determined

tiral Avalvsis
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€ neE. Lts
characteristic associations are with plagioclase, native
bismuth, phiogopite and actinclite, Fine lar wolybe
tenite crystals are ofien zovered with albite and calcite.
The precipitation time of molybdenitle in drailiconized
pegm.tites is close to that of native biswuth, with which
it forms intimate intergrowths {(Fig. 90},

Molybdenite from tihe Bmerald Mines is often sub~
stituted at the oxidation zone by powellite, fervimolyb-
dite and molybdic ocher. It is frequenily poessible to
see hollows with hexagonal oy fissured Lorm, covered with
a coating of molybdic ocher having a yellow or bluish
green color with still pregerved, sccasional remsinders
of molvbdenite and powellits flakes.

Puring the process of formation of the Emerald
Mines the greatest amount of molybdenum tended te con-
centrats at the mobile part of the molten pegmatite
solubions enriched with wvolatile compounds. The latter
was characterized from the very inception by increased
molybdenws content; moreover, the relative coencentration
of thess elements was heightened vpon the interaction of
the melt solution with the enclosing rock, when the other
components of the melt left to form coptacit zone minerals,
Increased molybdenwn conceniration is also noted in later
pneumatolytic~-hydrothermal solutions.

34, FOWBLLITE

Fogwelilite is rather infrequently found al iihe .
Uralian Dmerald Miunes. It is seen in thin feoliar agure-

gates {up to 1.5=% cm aoress) having a yveliowish gray
and light brown ccler, DMoncaxial, peositive. The index
aof refraction is N = 2.02 % 0.02. VPowellite coming
from the plagicclase zone in desiliconized pegmatites
was analyzed specetvoscepically (Tabkle 71},

Powellite is opdinerily adepted to plagicclase
in desiliconized pegwatites and is formed as the resuvlt
of oxidation of molybdenite, ¥rowm which only individual
flakes are often left over., Powsllite is substituted
in fts turn by molybdie ocher with a greenish blue hue.




Table 71

Findings of Spectral Analiysis of

Powsliite
Elements Weight % Elements Veight %
} .

Beryllium 0,005 Iromn 0,1
Manganese 0,005 Bismuth 0,0025
Lead 0,005 | Aluminum 0,1
Tin DO5 b Copper 0,005
Magnesium 0,06 | Sgrontium 0,035

- Silicon 0,005 Barium 0,0025

35, FERRIMOLYBDITE

Ferrimolybdite, & product of the oxidation of
molybdenite, has & limited occurvrence, It is found at
the plagicclase in desiliconizod pegmatites where it
has & lerge number of chink-like hollows whose walls it
colors grey yellew or greenish yeilow. The size of the
hellows varies from 0.3 to & om in diameter. Sometimes,
ir & powdery wass of ferrimolybdite there are preserved
individual molybdenite flakes covered by & thin coating
of this mineval.

Ferrimolybdite is associasted with molybdenite,
apatite, beryl, flucrite and native blsmuth.

T

fir

&

«  MOLYBDIC QCHER

ol

Molyhdic ocher is the end product of the oxide-
tion of molybdenite. I¢ is found in plagioclase cores
in desilicenised pegmatites, where a large amount of
chink-like hollows are seen, whose walls have kept
gparse iraces of greenish blue ocheyr with molybdenite
flakes from being leached out,

37. ZIRCON
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| Zireon is found in the phlogopite zone as very
fine .{up te 0.03 wn} prismatic crystels, usually sure
rouwnded by pleschroic hales (Fig. 91). Speciral analysis
of phiogoplite with an extremely large number of inclu-
sionsg of zivesn shows fracas of zirconium.

Fig.si.

v Zgyreon Crystals with

| pleochroic bhalos. Magn.

400 %, wWithout an analy-
%eY . T

The greatsst quanti Mj of zircon was fownd in the
raction zone at the coentact b@?wa&m dicrits and gerpen-
tine, composed of ferrvophlegonite, Somewhat fewer 2Zire
LA 1musu$iuaﬁ axe gontained in the rhiagapit& LOTE Y
of de&ilmcwvizﬁﬂ pegmatites,

%8, SCHEELIYE

Seheelite was discovered at the Bwerald Mines in
the form of granular aggregates {up to 0.%« 0.5 cm in
diameter) with greenish yellow color in dolowite streaks
which transverse sorpentine, It iz asscciated with
phenacite, fluorite, ilmemite, pyrrhotite and pyrite.
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BECONDARY BLEMENTS

BERYLLIUM

The gecchemical hilstery of beryllium at the Emer-
ald Mines of the Urals is extremsly interesting. In
order to discover the distribution of this element in
the enclosing rock and different types of veins, as well

as to discever the laws underlying its distribution, a
number of chemical {Table 95) end guantitative spectral
determinations weére madeé.

The highest consiant berylliiom oxide comtent was
chavracteristic of granite (0.0007 = C.0025%) and its
vein complex {0.002L « 0.0037%),. Increased heryilium
owxide contents {(0.0008 « 0.0022%) were noted for wlitrao
basic rock and its metamorphized varieties only in
sections sdjeining the contact with the granite of the
Mureinks imtrusions. With greater distance from this
intrusion the beryllium content in ulirabasic rock
diminishked aharply. For example, east of the comtact
with the granite massif ore hoted only traces of beryl-
liwn in the witrabasic rock, while in serpentinized
peridotite from the Ashest deposii, beryllium was not
‘discovered, It foliows from this that the basilc source
Cof beryllium is the granite intrusion.

Table 95

Beryliium Cxide Content in Hocks

Rock Bel Content,% Humber of
determinations
Pegmatite .ol 0,0021 - 0,0037 g
Aplitic rock . 0,008 ' 1
Biotite granite . 0,00 £ 00,0014 Y
Binary granite Ce 03,0007 -~ 0,5025 o
Porphyroid granite ... 0,0028 1
Quartz dlorite R 3, 0007 — 0,0033 : ;
Riorite«porphyrite NN 6,000 40,0072 3
Amphibolie gneiss S 0,0028 i
Chromium~containing - - - 01,0025 — 0,0051 ¢
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One finds in the desiliconized pegmatites, in
distinction to pure line pegmatites and proumatolytics
bydrothermal formations, all of the independent beryllium
minerals known {rom the Uralian Emerald Mines: beryl,
emerald, chrysoberyl, alexandrite, phenacite, bavenite,
and bertrandite. Moveaver, ber;llxum L& present inm
increased guantities in margarite, plagivclase, prochlor-
ite, prehmite,; actinolite, where the content of this
element exceeds the clarkc by several times.

Silice deficiency in the mineral formation pro-
cess of desiliconized pegmatites results in beryllium,
which has an ioni“ vadius close to that of silicon,
sﬁf*‘xnv to Tunction as the latter in ecrystalline
structures,. This produces poartial dispersion of the
haryilium in the minerals of tie contact zones, especiale
ly in prochlerite, silica deficiency, together with
relative excess of aluminum, produce the characteristic
associations of berviliium mtn@rdjwi beryl + ochrysoberyl,
phenacite + chrysoberyl which tend to occcur mainly with
chlorite. ,

in conditions where tuere is a shortage of silie
con dicexide which enters into the formation of aliminow
silicates of magnesiun, iron, calcivwm, i.e. elements
witzel have more basic properties tham beryllium, beryvl
cannot be formed in a nwdber of instances and instead
ot it there arise:! beryvlilium aluminate ~~chrysoberyl and
beryllivm silicate ~-phenacite The process follews the
folleowing scheme:

863!}&‘52&%3{)‘9, bl 5S§GQ "‘%" Beg SiOi “}” EQI’XEQOJ

Ahs Goldschmidt has pointed out (1938) the associa-
tion of beryl, phenacite, chrysoberyl and quartz cannot
be formed under the same temperature end pressure condi-
trons. He does meveirtheless as.ume the association of
phenacite with guartw., This assumption is true, appa=
rently for granitic pure-.ine pegmatites, where no
alumine excess is peroceived, In f“$ desiliconized
pemnntites of the Bmerald Minea ch a parageretic asso-
ciation is hardly probable due fo th@ relatively high
alumina concentration in this process,

Silicon is principally iscomorphically replaced
in beryllium minerals., This process has appeared most
ciearly in beryllium~containing msrgarite, In this
minusral the amount of aluminum is reduced in confoxrmity
with an increase of beryllium in it. This regularity,
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it would seem, poinis to tne fact that beryvlliium replaces
the alwminum; howevaer, inasmuch as silica tetranedrons
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Among the independent zinc minerals found at the
Emerald Mines auiy sphalerite is kunown. 2Zine is prezent
in 17 minerals inm the form of i&gm’xprzﬁ additions. LIt
iz sesm iy pure limne pegmatites in wmuscovite (0.005
0.025%), garnet (0,005 » 0,05%) and in pneums tﬁlytiam

hydrothermal veins in boernite (G.08%%} and in muscovite
{G.008 - 0.025%) . ' Deaslliconized ?&gmaﬁkm@a ars charace
terizged by & considerably ; rgea amount of minerals
{tovrmaline, prochlorite, corundephilite, actinclite,
prehanite, phloge svt@g ete.), in the composition of which
zine is included {(gee Table G94),
, Tie preszence of sphalerite in preuwsnatolytic-hydro-
thermal veins end zime in dispersion in pure line pegma=
tite minerals suggests that its mein g@urﬂa iz to ke

found in derivatives of the grasunite intrusion. The
clogeness in size of zipelsz ionic radii to thoze of

magnesiwa and Yivalent ivon and the high cowrtent ¢f the
latter im the voin complex have produced the strong
sgattering of zine in ferro-magnesiuvm minerals,

BOROW

Boron is veliatively widespresd throughout the

Uralisn Emerald Mines., ¥t is Yeound in granites,; their
veln derivatives, sas well as in thse enmclosing rocks
{Table 97}, ¥Porew has probably been introduced into
their metamorphosis by early ewanatisos of granitic
intrusions in the form of volatile fluerine compounds,

in particular B¥g, The main mags of borown appsrsntliy
wag introduced at the wvelsn stage in the formotion of

the deposits by pegmatite-pneumatolytic molten solutions,

Table 97

Boron Content in the Enclosing Hocks®

Rook B203 Comtent, in %
Metamorpbized dunite : 5,08
Sevrpentines 2,084
Carh ena@aauq shale s 0,01
Tale schis 0,005
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Table 97 {(Continued)

Rock B,0, Content, in %
Fd

Amphibole gneiss Lo, om

Binery graunite 0,024

* Boron was determined by chemical analysis

Only tourmaline occurs among independent boron
minerals in pure line pegmatites. Boron is present
as zparsa additions in these vegmatites in muscovite
{(0.0L4 -~ 0,026% BgGy ). In desiliconized pegwmatites,
besides tourmaline, boron enters in slight amounts in
phlogopite {traces to 0.006% By0s) and prochlorite
(0.008 -~ 0,059%). The high boron contsmt in bBavenite
(0.31% ﬁg@g) should be menticoned, which forms at the
late stage in the hydrothermal process in desiliconized
peguatites., DBoron's ability to substitute silicon pro-
duces its widespread dispersion in chlerite, phlogepite
and myscovite. It dis dmteresting %o note that a con-
siderable silicon deficit in bavenite is compsnsated by
Loroi.

Boron is a widely distributed element in the
emerald deposits in other cowntries. In all cases its
chief amounts arse eonnested with touwrmaline in desili-
conized pegmatites, in which this mincoral cccurs more
rarelv. It is only matural that borom is fixed inm tour-
maline, since the molten solutions which form the desili-
c¢onized pegmatites hit the enclosing rock which iz rich
in Mg and Fe**. The presence of signiricant quantities
ot boroen in dzsiliconized pegiwatites beara evidence to
gsupport their formation during the pneumatolytic stage.

Emerald~bhesaring vands disclose an increased
boron content in contrasi to fiuvorine runmning in the
direction fryom norih to south, This is evidently con-
nected with the heterogeneity of the initial composition
of the pegpatite pnewnatolyiic melt sclutions which form
in various parts of the intrusion and besides this, more
desp~seated parts of the pegmatite bodies have been
discovered in the southern part of the emsrald-besaring
zong , where borvon im significant gquantity is bound in
tourmaline with the assimilation of iron from enclosing
rocks. '
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sarbon does not play a subst part in endo-
genic processes ot the Emerald Minas the late
hydroathermal stage it anters into dzﬁ composit] mg. of
caloite, a@ﬁwwhyw and rhodochrosite. The possibility

does indeed awist that the formation of thess mlmeraim

& )
In

o
Loar

1
» 4

aa

iz sonnected with the decomposition if wlirabasic and
basic roecks kﬂ lLete carbennte fractioms of the granite
intrusion and imm ccaleium and magnesium derived from
thewm. The car of corbonaceonsz shales did not partie-

cipate %w i ey
granit
ﬁkm%@wg

ram@tiﬁmg for the frections of the
2onot react on the carbhonaceosusz

Y

aring the bhyvpergenice stage ﬁam@ﬁd@rﬂ%lﬁ amounts

af wrbonie scid resacted wi&h the uvwlirabasie roocks,
dissocisted the Lferro-megnesian silicates with the forma-

ﬁ&mﬁ o dolomite, ﬁ;%%laamnw 9“&1%& which cvystallizel
in the form of spael and shalcedony, At this same stage
wmalachite, sxurite and bissuthite were formed.

TETANILY

Amang the 4md%p@nﬂ@mt tiimni“u winerals found at
;uasﬁ ' : sphene, { grothine)

3 h are 4$mgﬁ»ﬁ to LL& chlorite mones of
matitviesn, In the dispersed state

. fe o ms & whole serdes of miverslss
ph?sy“y@tﬁa wmuscovite, fuchsite, touwrsaline,
”ut@m @y, The distribution of titanium in
tha ated mirerals and its crysitallochemical proper-
ties ﬁj oW ene Lo 3upnoese that it faomoerphically replaces
Fe'" in hiotits and phlogopite, AL in towrmaline, Nh
and Ta im columbits, wh&ah thue proeduces dis zmt@ﬁ&iV@
dispersion through a large number of minerals.

The wain sourcs of titanium in desiliconized

pegmatites of the Emerald Mines is the enclosing rocks.

Lhe

LERCONIIM

The Murzinka granite intrusiorn and the pegmatites
asnpociated with it are characterized by an exceptionally




low mir%uﬂéum content. It is present in thousandtbs
and ten thousandths of a fraction in amphiboles,
&mpﬁiwﬂﬁﬂ gnelzsses, and di%fif“wﬂﬁ“phyfjhﬁwg iu pure
24 it i conmtained in 0.005% cuantity i
coglumbite and apatite. The zirconium
arts attains 0.0025%%. In desiliconized
Lrooand vw i found beth in ﬁiﬁge
BEECan . fhﬂ } fi i 4

o

gorpel, sl
content dwn
pegmatites
and in the
extremely 1
sides this,

contained in tourmeline and
of O.05%

ay

@

3 ¥ established by chemical analvsi
in sevpentine, chromiuvam~containing swphibole and amphi-
bole gneiss Table 943, In the mineral-formation

process &t BEmerald Min&s it plaves a conziderable
saxt s Among the independent phospborus minerals onl
I P

apatite is ¥nown which is present in ueasrly all the

above mantioned rocks, a8 well as in pure line pegmatites,
degiliconisad pe ”tiias and pnoumstolytic-hydrothermal
formations., The sourecs of phosophaerus 43 probably both
in derivatives of granite intrusion and the enclosiug
rocks

Phosphorus is found in the dispersed stats as
weil. It has been determined in phlegopite (0.2% - .25
- pﬁrme”t Polzl by chemical analyveis, and specirally in
wative biswmuth, ilmenite and pilagioclass, HBecause of
the clogely related sizes of the ionic radii, phosphorus
] con in apatite and garnet, It is not out
¢f the guestion thet in phlogopiiess, for example, silicon
. is alsc partialliy substituted by phospnorus, the symmeiry
of the PUO4 and Zi04 making euch an isomorphism pogasible,
. T This all the more probakle, for the formeation of the
Uralisn Emerald Mines proceeded with & lack of silica.
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KIOBIUM AND TAWTALUM

Columbium and tan t&lum have sparse ocourrence at
the Emerald Mines. Thelr ifndspendant wineralsg, columbite
and tantalite, are fau d in pure line pegmatites as
accessory minerals. These minerals have not peem dis-
covered in desiliconized pegmatites, which is well
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explained, ; i
contdnt in dJde fo iv@ g?dﬁ&%j% m&xmaﬁ by %h& &prw?axmn
of these elements in wminerals rich in iron and which
aaﬂt&xn t.wmummm. phlogowite, vhlom**ﬁg where they isocw
morphically replace iron apd titasnium, :
Euw rlight columbium and tentslium contents de not
paermit their detes L“@s by the chemical method frowm crdis
nary ssmples. From larges samples, coluwbium has been
determined in L@narw granite (0,008 Nbg0g), in pegmatite
{0,008 KbgOs); in @haw&mwxfa from des 15x¢0n&mwd pegme tites
cne hasg @:ﬁﬁhjxabwﬁ Hogls  0.017% and Tasd G.002%.
Columbiom bas been estabii h@ﬁmmbk ﬁ&ﬁht¢tuhﬂlw3 using
the spectral metbod, ' :
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BISHMUTH

Bismuth is found in granite end tremolite rock

(D.0005%),  Ip pure line pogmatites it is piresant in

dispernlon in tantalite, molybdenite, apatite, garnet,
aiumﬁg*@ and wnscoviis. In puneuvmatolytic hydrothermal

veing h&ﬂrﬁt? is encountered in bornite, sphalerits

and mu  EXL In desiliconized pagmatites, it forms

iﬁ&ﬁ@&uﬂ¢h miu@ﬁai‘“ nedtive blsmuith and vetx aﬁgm ite,
and is present also im dizpersion in molybdenite,
chrysoberyl, ilmenite, chromite, magnetite, vhleogepits,
fucheite, apatite, beryllium-containing mergarite and.
arals (m%ﬁ Table G4,

oshheyr mi&

The granite imtrusicn and ite different fractions
are the sovres of bismuth. The relative dearth of sulfur
i the grawmiie intrusion has le?d ta the dispersion of
Biamath throewgh & number of minersls aud rosks and causad

the forwation of petive bismuth. The presence of bismuth
in tremolite rooks evidently asttests to the imtroduction
ef this slement to the rool of the intrusion at & very
esrly stage in dig interaction with the emnclozing rosk.

SULRUR

Sulfur bhaz played an insignificant role im the
¥rocess of minersl foxwmation at the Emeralid Mines. &
part of 41t was brought in by fractions of the granmite
inmtrusisn, as evidensced by the presence of sulfides in
pure iine pegmeitites and prneuwmatelvtic-~hydrothermal

&5
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formations, wnile znothey part was assimilated from the
enclosing rock {Tablse 358).

Sulfur Content in the Enclosing HRock
Rock Sulfur Content in %

Dunite He afy,

Serpentine . IRY
Tremoalite Rook b He obe,
Amphibole, contaiming

chromiws 0,07 — 0,08
amphibole gneisses RIRVPSRT
Quarte diorite O e 42
Metamorphized guartsz -

diorite . 11,12

In pure line pegmetites, sulfur is found in only
one mineral, melvbdenite., In pneumatolytic-hydrothermal
veins it is present, together with molybdenite, in
sphalerite, pyrits, chalcopyrite and bormits., In desili-
conized peogmatites, aside frow the independent sulfur
minervals, molybdenite and tetradymite, a part of the
sulfur proceeds through dispersaion, sombining in
beryliium~-containing margarite (0.11%) and in a number
of cases in palcogopite (0.0% « 0,15%).

The ocowrrence of native bismuih in cxoss line
pegmatites and pueumatolytic-hydrotaoermal veing attests
to sulfur insufliciency inm the veins of derivatives of
the granitic magma. This is alsgoe indirectly borne out
by presence of tetradymite granules in mnative bilswuth, in
wiich, cuite possibly, the role of sulfur is filled by
tellurium. OUnly part of the elements which have an
excepiionally strong reszemblance to sulfur, as , for
instance, zinc, wmolybdenium are found in the form of
sulfides with a shortage of sulfur,

CHROMIUM

The presence of cbromium in mineral formation at
the Emerald Mines is basically reguiresd for the green
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color of the emeralds. Chromium is contained in largest
guantity in witrabasic apd basic rocks and their metaw~
worphosed wvarieties, ng?%ﬁﬁilm?%g swnhibolegy it iz not
fowd in diorites and amphibole gnelsses {Table 99).

chromivm Content in Brelosing Bock

€Dﬁ§ﬁ of Chemical Anslysis})
Bock ‘ Crgly, % ' Nuwber of
' ' detesrminations

Metamorphosinad

d [
’“é‘f"ar:z, - A
ﬁ@lw ﬁwrp@mfimaﬂ - 0 98 '
Metaworpnosined v }niiuﬂzw s
‘pﬁy@%&uitawv“'“““‘ - 1 08 5,24 G
Awmphibsleg «. o e e -'-W*—'*‘“’“""‘:’ b ous i
Tremolite wrooks . ~ ~ 7 Lnot Loy 3
Dierites - - — w~m”“"“"ﬁki e W -
Bietitic dierites —— 777 g »
Amphibole gneissss - ~ "

In ultrabzzic rocks chromiwm is present in the form of
chromite, as well as in isdémorphic additions to ferro~
magvesiar silicates. The chromium wnich iz contained
in pure line pesgmoifites in thousandtbe of & perdcent wasz
meet bikely assimilated by the granite imtrusion from
rocks on the rooef. In dreoss line pegmatites chromium
“n%%r in the form of sdditions to 19 minerale: epidote
{1.08%). Ffusheite (0.6%), beryilium-coentoining margervite
(G.42%), alexandrite (0.30%), phlogopite (0,23%), chryso~
beryl (0.08%), beryl (0.03 - 0.06%], @mw:wu% (0.,17% « 0.25%)
and others., It waa discovered by spoectral snelysis in
towrmatiine (0.25%), biotite {0.025%}), Wh”%ﬁulw& {C. @@)%},
topan (0.025%) ., The entrance of @hﬁﬁmzu inte epidote

fuchsite, %@vviliHMmﬁunﬁaimimg g rarite and pulwmmpate
Cprodusge reduced intensity in the v&lurﬁt¢@n £ iste beryvl

which ordimarily hses a gresunish white hue. .

Under the effect of pesgmatite and punsumatolytic-
hydraﬁ%mrmal solutions on the uwlitpa %mﬁig racks , chyromiom
PRE aveyr intoe solution, from whence it enters the
&tyucau%a of the barvi, 1&4a@rphmaa}1y replacing the AL
in it and lemding it a greenm cclor.
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MOLYEDENUM

Molybdenum ig encountered at the Emerald Mines
in all vein bodies of the granite dintrusion., In insig-
nificant ameounte it has been detarmined by spectral anale
ysis ip albite, muscovite, avatite (from pure line pegma-
tites}, in sphalerite and bornite {from prneumatolyticw
hydrothermal veing), in pblogopite, prochlorite, corundo-
philite, fuchsite, beryliiuwm-convaining margarite and
native bismutrh {(from desiliconized pegmatites; see Table
oh), The form by whizh i¢ enters minerals in the dis-
perzed state is wnclear; 41t is posgiblie that 3t is alse
partially prezent here in the form of finely dispersed
wmolybdenita. Derivatives of the grenite intrusion act
ag the scurce of molybdenws,

SELENIUNM AND TELLURIUM

Selenium bas been disceovered by chemical snalysis
in molybdenite from pure line pegeatites in the guantity
of 0.003%32% and in moelvhdenite from desiliconized pogmatites

=4

=]
ranging fyrom 0.00858 to 0.0072%.
Tellurium forms an independent mioeral, tetradymite,
found in the form of fine granmules in native bismath,
tending te concenirate at desiliconized pegmatites. Telw
lourium was determined by the chemical method, Jjust like
gelenivm, in molvbdenite from desiliconizaed pegmatites
in amounts of 0.002 = $.0023%.

Tungaten enters the chemical composition of
scheelite found in dolomite streaks, In other minerals,
it has not been determined by eithsr ¢hemical nor specte
ral methods. ‘ :

It should be noted that together with the lack
of tungsten in fraciions of the grenite dntrusioen,asmall
tungesten deposit is connected with this intrusion at
several tens of kilometers frowm the Emerald Mines., It
is true that the tungsten in this cese is adaepted to
later gquariz veins thau the derdvatives of the granite
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independent minsrals uﬂd the dispere
1 them. The isswmoerphic substitution
been most widexgraaé in
garnest, ilmenits, phlogopite, etc.
g isowmorphism between nanganese and
soeur in minerals of the chilorite, actie-
i Menganscse
nd zine {(din apatite, calcite and
noted considerably leas {requently,
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Yo w}&yﬁ & minor role in mineral formation
souvree bas most likely
grantte intrusion and the
rock containing from 0,000% to 0.005% Cul.

show that copper is present im all

of the Emersld Mines in more than %0 minerals
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content of disperssd copper in the
principally in tanusaadﬁh& and ten
raction of & percent, and oenly in five
garnet, sphalsrite, molybdenite, fuchs-
docs it occasionally attain 0.08 = 0,5%.
the main camy#%rmt inte chalcopvrite,
b@ ﬂlia ﬂudltwwi vy cowvellite, mal and agsurite.

}W@tl&bd native eﬁpyer is found. The form of ontry
xnta otheyr mine als is net Tully known for copper. For
example, a small amount of sulfuar is present in phlogo-
wite together wiih copper, and it is conseguenily uncer-
tain whether bivalent copper substitutes Fe-+ and Mg
which have glosg ionic radiid w;%h it, or is it present
in these mine: mechanical addition in the form
i sopper sulfi

At the ] zenetic zone golutions containiug

copper sulfate entey inte reacticn wiith ths nuﬁwva3wPQﬁed
gulfides, wnich s abeat the formation of native cop-
per and other secondary minerals (covellite, ch&laaamne}.
At the oxidation zone coppe: rescipitated in the form
of carbonates ~w as malachite and azurite. .

£
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DEISPERIION  ELEMERTS

LITHIUM

Lithium has been identified in Loth roocks aud

g o the vain complen. The spectral methed has

: 4 it din the rockes: granite {(0.054), diorite

arnd amphibole ¢ ; /5% | 0 independent lithium

minerals are found at the braija Bmerald Mives, It

can be ssesumed that the yroots of the peguatiis vains

have been uncovered bhere by erosion, although ths pre-~

served unper parts o0 thes pegumalites are surrounded by

unlitrabesic rock where spodumens and lapidoelite conld

wot hawve formed actions between the

pegmatite and preusn mal wolten sclutions

and the enclosing ruck@ hhth Cﬁl&d& laryge amounts of
e 3 ium,

1hvmugh ehemical analyses lithiuvm was discovered
in desiliconized pegmatites in bfvgﬁﬂl': {Lis0 012w

Q.a40%), beryllium-containing mav% 2rite 230 - 0. 78%),
beryl {0,024 - 0.30%), fuchzite {(C.25%) and plagiocclase

fr
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pure Line pegmatites 1t 3. Yound in beryl
G 75 : s i arc m*czwclumv

thr Lid roantent in oa whole
ting din desiliconized pe:
considerable condentration of this
;ite welt solutions intruded dinto
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veen devermined by chemical and
wVe anslyses in a large sumber of
L ovelr bodies, l¢ was discovered
cleaveleandite {(Uoo0334), albite
clase (0,009 - 00470, potash feldspar
¥ Cer VO e 0001}y Cively lamelliar muscovite
in facnsite (GL.054%) . By tae spoct

warte (0 02%), columbite {0.025%),

y iU ;.10'0 rite (Q,AS«-(‘;m}Q actinclite
touracad ine (O.018%), It is evident {r

that rudidiom 1s contvained in b4 largest
miscovite and phlogopite where it isomorphi-

Cesiwm was dev cal analysis in
potash Feldspar 4u,u01w} piAQQﬂclﬁﬁﬁ {(OeL0l%) and in
hcrw} {ran nE Trom C.0L% to 0,01

4%, mads in eight
Tue greatest amount of
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5

s cesium was
L {C.0h6%) waseh came fro bopneumatolytic-
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SILVER

This element wes not establisuned by spectral
analiyses ia the rocks. Silwver ia prasent in small
ancunits in the minerals from 4di i veln bedies. In

pure 1i

{kr‘ D{w}{,"nfdj‘

i
s
[
m
e
w
r»r
o
W
e

1 3 mivw@ zn malybdeﬁrte
% te (ﬂ Uﬁzpf} &) e In
priewnatol hydrothermal vaina &llvur is ccmtdzn@d in
suliides: bornite, sphalerite, and chalecopyrite {see
Tavle 94}, It is interesting te note ths presence of
silver in wmoelybdenite which also came from desiliconised
pegwmtites in 1he v same guantity as in molybdenite
stepming fvom pure Line pegmatites. Horeover, silver is
contained In pative Biswath (0.05%), as wsll as in jle-
menite, Tuchsite and phevolith in amauntﬁ of 1.000%%),
The mosgt signlglu&ﬂt silver content is found in
Torwed duriag the late stage of wein body forma-
ne chalcophylic nature ofi zilver produces its
ionm with such elements as zine and copper,
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STRONTIUM

Strontium has been determined by spectral analyses
both reooks and in tioe minerals of the vein complex.
presence of 5tr0ﬂtium iﬁ ﬁlenite {0,005 - 0.05%) and
in pare line attests to the fact

that the basiec source of thﬁg element iz vein derivatives

ol the granite intrusion. -
The ma%ﬁmum stroptium content tends to ccour with
diorite~porphyrites and amphibole gnoeisses (0,35 = 0.5%) .

strontium has bu%n establisibed iv pyroxenite (0,05%

chromiumeconteining amphibole {(0.05%), tremolite rock
(0.005%). It is not found in dunites and serpentines,

in pure line pegnatites strontium is presant in microw
cline, albite, molvbdenite and muscovite., In
pneumatolytic~-hydrothermal wveins it is found in albite,
muscovite anu sphalevite. In desiliconized vegmatites
it composes apatiftes, flusrites, fuc shasite, beryiliuwm~
containing margarite, plagioclase, phioc royzt@ and other
minerals (see Toble 94} in rather significant guantities.
in apatitaﬁ Tiluorite, and beryllium~contairing margarite
strontium monﬁrphicaﬁly replaces calcium, whz&e in phlogo-
pite, muas cevstu and microcline enly partially potassium,

it bhas been proven by a number of investigators
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(Ahrans, 19458 Hahn snd Valling, 39%8) that in magmatic
rocks a part of ithe sitrvountiuw is a produst of the radio-
active comversion of rubidium. It 3& poszible that the
strontium at the Uralisn Bwmerald Minzs is alss partislly
of radiogenic origin.

, By speciral spelyvsls cadmiurn bas hoen detscted
‘onty in slbite (0.9 2 5% } mtemnzng Crow pure line pegmatites
and in sobhal (0:55 « 0.5%) from pnenmetolytice
hydrotharanl Vﬁimﬁm It has not besn fowvnd dn rocks.

In view of the realatedusss of the gesochewmical properties
ol ¢admiuvw and zine and the pv@&@~hagn 8 of the Jjatter
cadeior subzstituter zing in sphalerite in thse form of '
an lsomorphic sddition.

Ay

N

BaRIUM

Bariuwn, just like stronmtlium, ig contni
maxdmus gquantitiss in swphibole gneisses {(G.3%8
gusrts dierites {(D,0005 « 0.3 ”%}1 dicrite porphyrit
éﬁﬁvwkf& grapites fﬁﬁﬂﬁuiﬁ@ h}lﬁﬁ& rure Line pegmatites
(C.02%). It is not found in ultrabasic rocks., Barius
hag been determined i; spactral analyeis in 11 minerals.

- It DOV S in pmw@ e well as cross line pegmatitesn.

3 imb# pegmatites barium i prasent in
ohine, garnst and alblite. In posuwmato-
wmal veins it i discowvered only in mug-
ﬁ&VLih Byse wﬁi&gmpit@, Y deniliconined pegmatites barium
. anter s into the compoesition of phlogogpite, fuchsite,
_ prebhonite end other minsrals {see Table $4). Barium,
. $M%t imm@ strontiuw, priscipally came from freciions of
the gramite iuntrusion.
The eclosensss betwopen the bariom aud potassiam
ionie redii sud the former's slight centent in fractions
‘ol the grendte intrusion dwtwrm¢ma the-§¢¢nc1ga1 lines
C bohavior of this s2lement wvhich producs its didsgpsrsion

ok

of
in potassium mincrals
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SCANDIUM

Scandivm has noet been established by spectral
analysis in rocks. It was discovered by spectrochemical
analysis of 10 gram samples in a number of rocks (Table
1060} In the vein complex geandium is present in limited
nwsbers of miverals. In pure line pegmatites it forms
a part of the compesition of tantalite and columbite in
amounts of 0,005%.

Table 100

Scandium Content ip Enclosing Rocks

"Rock S¢ Content, %
Granite - -~ - - - — e & U007
Porphyroid granite -~  « . . .1 0,600
Diocrite . - - [r— v e o g D,0019

Dicrite-porphyrite. - L e o o £, 0010
amphibole gheaiss . . . . o —| 0,001
Pyroxens porphyrite - «  w  -— =1 §,00i0
Serpentine .~ = o« o« e - ] 0,0007
Chlovrilte BODG . . ee cen oo - IRETE
Talc zone | RPN B 8 ¢ 117

The highesti scandium content is sgeen in actinolite
(G.05%) from the reaction zone at the contact between
dicrite and serpentines and in minerals from desilicon-

imed pegmatites, in the emerald {0,025% by chemical

anaivsis) and beryl {0.025%)., It is present in thousandths
of a percent in phlogopite and ilmenite (0.0085%).

in the emerald scandiwum apparently replaces alumi-
num. The presence of 1.89% magn sium in this mineral
supports the contention of Rankama and Sanama( 1952 )
that scandium can replace aluminuw in aluminoem minerals
under the condition of simultaneous gubstitution of
aluminum by magnesium, , _

The presence of scandiws in columbite coming from
pure line pegmatites speaks for a part of it apparently
being brought in by derivatives of the granitic intru=-
510N ‘
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GALL LM

stion of a number of geocoh
Lidpm to alusinum and itz complets
contents havs dﬁtegmmm@m the strong
thiﬁ elament throughouvt the rocks
valian Bmerald Mines.
ﬁﬁwlium,haﬂ heoen determined Ly aspeciral analysis
in demite., tale sehist, tremolite reck {0.001%), pyro-
wphibole, “&de?ny rphyrmt@« guarts diorite
{U 005 = O0,05%).  In slight quanti-
2li of the vain badies found at
P pure line pegmatites it occurs
S mm::t thous umi ha of a percent in the com-
muecovite, microcline, aslbite, garnst and
liconized pa@mat¢ynﬁ the murt pignifie
content iz cheracteristic of i alexsndrite,
‘ solase, phlogopite {(sss Teble 94). It
Wm?“ that in the molyhdenites of the
wm has noet been disclosed by the
mt was sastablished in sphalerite in
0. 0L,
a prezented on the distribution of gallium
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ative &@w@ﬂdmnﬂe petween gellium and

1 {tha ster the amount of aluwsinum,

at of also) teostify to the isomor-
mﬁ a3 by gallium in aluwesinum and

L mdnuam-containin &, HERRALY D LB .

Tndium has been disceverad by ﬂﬁ@ﬂt#ﬂl analyases
aolely in sphalarite ifrom albite-quartz veins in the
emount of 0.001%, where it isoemorphically veplaces zinc,

25 EARTHS

an minerals the veins complex of tﬁ@ Uralian

) BE@ ﬁht wpterized by an insignificant cone-
tont of vere eax v have been detected by chemical
snalyvaes only in eﬁatxfﬁ (0,20 = 0,.50% ?Rgﬁ;) and

in columbite-tantalite (0,04%), while by spectral meothods
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im native bismuth, prochlorite (0.01%), fluerite (0.001%)
Yttriuvar was discovered in rutile {0.04%) and prochlorite
(G.01%). The findings of i-ray spectrogbaphic analyses
of the rave earths taken from apaties nf pure~ling and
desiliconized ﬂffmaﬁitéﬂ have demonstrated that elewments
of the cerium group sharply pr@d@m;maam ¢m-th¢i# COHDOSE -
tion, wherﬁﬁpmn gﬁriumﬁ lanthanum and neodymiam are
foremost (see Table $4), The yuantitative and gqualitative
similariiy between tﬁe slements of the rare-earth group
andapatites from pure line pegmatites and desiliconized
pegmatites, i ;h&r wi%n sother factors, points indirect-
iy to their c¢lose genetic connection. The elemsnts of
the rare-earth group in spatite and fluocrite isomorphical-
Ly veplace calciwm, ’

THALLIUM

Thalliuwm was determined by spectral analyses in
four minerals, muscovite (0,001 - 0O, 00%%}, microcline
(C.00L%), phlogopite (0G.00L ~ 0.005%) and fuchsite (0.,005%).
The ¥Yirst twe are charscteristic of pure line pegmatites.
The second two of desiliconized pegmoatites. The finding
of thalliuw in potassium minerals and its absence in
iron-magresiuvm {¢chlorite, talc) and calcium (plagioclase,
epidote) minerals once again indicates its closeness of
its properties to potassium,

GE b

WH LU

3

Germanium has been determined by speciral analysis
in seven minerals: roet (0,001 - G.04%}, topaz (0.04%),
actinclite (G¢J>A}$ prebunite (0.001%), bavenite (0.01%),
berirandite (0,005%) and molybdenite (0.G05%). Among the
these, only garmnet prevails with pure line pegmatites,
the remaining minerals being connected with desiliconized
pegmatites and particularly wiih the hydrothermal st age
in their formation. Germanium is not found in the car-
bonacecus ghales from the Emerald Mines,

Considering the clozeneszs of the geaschemical
pvopertiﬁﬂ in germaniuw and silicon, 1t can be assumed
germaniuw replaces silicon in the above mentioned

é"

minerals,
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TIN

Tin has been discovered by spectral aralysis in
19 minerals {rom wvarious vein bodiss ef the Emerald Mines.
In pure line pegmatites it is pressnt in musco ite {(0.001
to 0.0G5%), garpet (0,005 -~ 0.01%), aspatite {(0.005%);
in puesumatolytic-hydrotherimal veins it entsrs into the
compositions of sphalerite {(0.001%) and bornite {(0.003%).
The number of wminerals which econtain tin ise considerably
higher in desiliconized pegmatites. It has been discove
ered by chemical analysaes in chryeobervl (0.12%) and
alexandrite (0.,04%), by spectral analysis-- in phlogepite,
prochlorite, corundophilite (0.,001%}), tourmaline (0,001
to 0,005%). beryllium-containing margarite (0.001%) and
other minersles {(see Table 94). In view of the insignifie
cart tin content in minerais it is very difficult to
determine its crystallochewmical role. High comncentrations
of this element in chryscberyl {(0.12%) which contains
0.34% Ti0Z attest Yo the isomorphic replacement of
titandam by tin. It is possible that the dispersion of
tin in other minerals is closely comnmseted with titenium.

LEAD

Lead ie found in amvhibole gne {0.005%), quartz
dierite and granite {(0.001%}, Lt the wein complex of
the Emerald Mines it enters into the composition of 19
minerais. In pure Line pegmatites in amcunts of G.001%,
lzad is moted in muscovite, albite, apatite, and sociely
in microecline, tolumbite,and tantalite doss its comtent
Jump up to ¢.008%, It iz presept in the albite-
muscovite-quartz veins in sulfides: sphalerite (0.001%),
bornite (0.005%), az well as fovming part of the cCoOMposi -
tion of albite {(Q.Q01%) and muscovite {0.001.0,008%),
In thousandths of & percent lesd iz discovered in minerals
of the desiliconized pezmatites: phlegopite, prochlorite,
plagioclase, tourmaline. apatite, flusrite {(0.001%),
native bismuth (0,0L%).end other minerals (see Teble 94).
The closeness of the dimensionz of the ionic radii in
lead and potassium, probably have produced their isoe
morphic replacement and the dispersior of lesde
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¥ ﬁph@ir*} analy-
Lol of granite, “i?hwuqr
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te 0.02%) and The highest content af
this element ia notad in trﬁmolzir rocks, pyroxenites
in dunite

and chromium~containing amphiboles (0.05%)

and serpentine vapnadiwm is seen in viticantly
smaller quantities —-0,. %%y The men 3112t “eamiarities
are generally charsoterisiic of the amistry of
vanadi e

In desiiliconirzed pegmatites vanadium in the form
of insignificani additions is found in tourmaiinp, rutile,
alexandrite (0.3%}, conrysoberyl {0.02= fﬁﬂ%%} emarald

(0,080
HL

{(0.05%), bervyl L£05%), beryliiwme-contain
margarite {(G. anmﬂnﬁﬂif}, Vanadium wi

chemical method ipn the ewerald {(0.02%) in beryi (0,004%).
In hydrothermal streaks of epidete~caloite aomposition,
it concentrates in the epidote {up ts 0,.20%).

The distribuition ol vanadiwe in itbe minerals of
tae veln *om%}ex canfj?mﬂ the deductions of a namber af
investiyg tat, 10%4; Rapkams and Sabama,
1952} to s effect t this element during the magmatic
p}ncasb is closely conns with tyrivalent irom and

imilar dondic radii., It is dnteres-

g
s aat@rmlned by the

&
}
i

Tuminwn which have
iing te note the oceurrencs of slight smounts of vanadium
in the emevald. Inasmuch as the coler ol emeralds from
certain deposits {Muvo, Coluwwbial is related to wanadium
to a &GHS'“ zwiant , it mey bDe assumed that the
}&U Qmﬂ"ﬁid is produced not only by chromium,

wells Vanadium , just like chromium,

Gatitutes tihe aluminum,

by was

. € nent e encountered very infrequently
at tihe Bmerald Mines, Arsenic has been dstermined by
spectral analvysis i sl Lrom the desiliconized
pegmatites,; molvbdemwm and iYe, in guantities of
0.01%. Antisony was discovered by the spectral method
in native bismuth {aruumd 0.4%) and tale {0.01%).

o
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CHLORINE ‘ |

for ively Lm*ﬁznifi&&ﬁ%.
Iin sowrocs ﬁzwwpwa ntiy snclogsing rock and
Um5@13 £l Lwas @f the gr&ni*ic megma . Lo the suclog.

srivali
ing recks the chloriue content, deltervmined by chemigal
snslysis, varies from traces to 0.06%. In metamorphic
dunites abd tremoiite rock c¢hlorine has wol been detsge
ted. Chemical anselysis of the minsrals from pure line
pegmatites has deterwined chlorine trazces in muscovite
amd microcliine, In desiliconized pegmatites chlorine
is prevent in skight guantitiss {traces} in phlogopite,
proechiovite, sovundophilits, pla wmawfawm and only in
(23 gﬁg.uchuMudh.Lu? margarite does jte content reach
Gelﬁ* o Qmw“‘w‘,iu )

Thm crystsllochemical similavity bLeiween chlorine
and fiusrine and the hy ;&xy? LTOUD, & as Lng
presence of a ¢ﬁr%xéﬁrﬁbﬂﬂ number of minerals containing
G and F have p;uavmeﬁ the disperaion of chlerine in
the structures of thess minaralsz. It 18 possible that

c

P
o

&
&

Pt

part the chlorine cccurs in gassacus-liguid ivclusions.
RAENT UM

Rhenium woe dizcovarad by the chemical melhod in
ma.vhf+n§t& Crom purs Lione pegmatites (0.0008%Y and

dexiliconized m@gmam$t@u {00006 = 4.00585%) . 1ts highest

sertt %mi €U QOSE%) noeurs in mwlyhdw%ﬁ@ﬁﬁ whish are asso-

n

mibe in the plagio-~

\g'

ciataed with native biswuoth and

4

clase of desiliconized pe gmﬁtﬁt@u%

COBALT

was determined by speetral apalysis in

all zde and bagic rarkm and their metamosirphic
products (up to 0.01%}., The lesnst guantity isg prezent

x ibole gneiss and guarts diorive (0.C08%)}. In
i”abd gsample of granite cobalt waes Lot digcovered.
1t eccurs in the vein cowmplex principally in minerals

of desiliconized pogmatitesi phlogopite, prochlorite,
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tele, actinolite and other minerals {sce T-ble 94}, is
the list of these mine: als shows, cobalt in desiliconized

\»’
@

peygunatites is di%pﬁregd in ferro-magnesisn and aluminum
i’;‘. KT \.,19551‘

Niciel, just iike cobalt, Em,s been determined by
spectral analvess in uil ultrzbas apd hasic rocks and
tiediy met@m&rp&ia products 2w 0 s The lowest

1 : L ig ween i Pt g I’E(y}“""%l’f{“& te { G ’—-}3)“/}3 3

i ﬂk%rliﬁ (C.008%) ., An analye
uznrm' granite showed the

i can be

rock by

Cﬂﬁﬁc

on the
was determin
taling

srmal wveins
sntain thousaw
ermined by ci*;r‘z-"w
1%1&} ol O.87%,
T eclyral metl
't@ 'wnmzn&t ®.

b
a percent of nickel, Nic
analveiz in native bismuth
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is wnicke ’y replacos e and
"o, wilol thus expleins its wide cersion in the siners
rgmatites whic Verm during the assime
siderabie amounits of magnesium and iren irom
rocks.

Cxtrems interest in the geochemistry of the Emerald
Mines {(of the Unal ig *rnwﬁeﬁ by thes uwnusuval guantita-
tive and aualitative com binzatien, during thse formation of
desiliconized pegmat k;ub% of the elements found, on the

on? band, in the granite intruszion and its vein derive-
tives, and on the other, i ing'ul*r bhazic rocks.
Such unusual combina__tion is net encountered
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in the nermal evolutionary development of magmatic rock.
In this respeet, the process of formation of desilicon~-
ized pegmatites must be regarded as a natural experiment
which makes it pozsible to broadsn our views on the
isomorphisgm of elements invelived in gtill other processes
of mineral {ormation, rather than merely those restricted
to this particulay Drocess.

Durying the formation of the desilicomized pegma-
tites, just as in general in any wmineral foermation
process, the gaochemistry of each elemeni is fundamentally
determined by the concentration and physicochemical
properties of both the given element and the other sle-
ments which acocompany it, i.e. by the law of mass action,

A changs in the concentration of elements during
the formation of desilicomized pegmatites in time and
space, togunther with a beterogeneous initial composition
of the molten pegmatite prnewsatolytic soiuntions and epf-
closing rocks ie determinsd by such {factors as different
velatility in the compounds, a different degree of age-
similation of the encleosing rock and the discharge of
elements at the late ztage in the form of water~soluble
galits. Thus, the presepce of wvolatile compounds, parti-
cularly water pairsg, flusrine compounds and bydroxides
produced higher cousentrations in the upper parits of
beryllivem, F and Hod., The assimilation of large guanti-
ties of magaesium and iron determined the unigue crystallo-
chemical structurs of the miperals, whlch in its turn
produced other miperalogleo~geochemical and, especially,
isemorphic interrelations hatweon the slements partici-
pating in ithe procvess. At later siages iv Lthe pBrocess
alkali elements weare carrvied off in the form of water
saluble, priveipalily flucrine compounds, which also
resulted in & change in the concenitraition of eloments

‘participaeting in the process, in the formaetion of new
] ¥ j s

minersls and the subsiitution of certain elemernts by othars,
Together with the indicated factors which detere

mine the geochemizal charactsristics of the formation

of degiliconized pegmatites, ivcluding ithe phenomenocon

of dsoworphism, it is necesszary to point oul a more

general law which was in primcipls expressed by

Le Ch#telier to the offect that every moedification in A

factors determined by chemical equilibrium causes proces-

ses inthe syvetem of development which countevact this

change. An illustraicon of this primnciple can be found

in any slement pariticpating in the formation of the

Uraiian Emerald Minez. Thus, for example, where there

is a reduced S5i0p concentration due to the assimilation
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